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(57) Abstract 



At the separation of different minerals from the ores by means of flotation, it belongs to known art to monitor a larger part of the 
uppermost froth layer in the flotation cell by means of a video camera whose signals are analyzed in a digital computer, in order to detect 
the structure and color of the froth. The new method and apparatus direct and limit the monitoring and analysis to the surface of the floated 
material within a fixed, narrow strip which is parallel to the overflow edge of the cell and within which the material surface passing it 
is homogeneous in the stationary state. The said strip thus presents a renewing sample of the surface at the location in question, which 
sample represents the stationary state in the average sense. The strip is subjected to homogeneous illumination, which may meet the strip at 
different angles depending on the primary object, i.e. whether the color or structure is being determined. By means of a repeatedly reading 
semiconductor line array camera, the image of the strip is fomied and convened to electric black/white or multicolor signals from which 
the structure or color quantities are determined in digital computer. The monitoring and analysis can be directed to both the surface of the 
froth layer and the surface of the froth slurry flowing down from the overflow edge. 
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Method and apparatus for monitoring and analyzing the surface of floated 
material 



General background of the invention 

5 The desired valuable minerals are separated from the ores in the mining industry by 
flotation. This is effected in flotation cells of continuous flow type, in which air is 
conducted into vigorously mixed slurry of ground ore and water. Due to chemical 
preprocessing, the grains of the valuable mineral tend to adhere selectively on 
surfaces of air bubbles, to be lifted with these from the slurry to the froth layer 
^10 above its surface. At the same time, also other mineral grains and mixed (locked) 
grains of a weaker tendency to float rise to this layer, and return from froth to slurry 
takes place as well. The froth flows continuously over the cell edge down into a 
launder producing the concentrate of the ceU. 

The final concentrate of an industrial flotation circuit consists of concentrates of 
15 individual flotation cells, which usually have been cleaned by refloating them, often 
in several stages. The content of the valuable mineral in the concentrate of the cell 
is, together with the recovery of the valuable mineral, the most important factor on 
which the economic value of its concentrate depends. Therefore the quality of the 
final concentrate and, at long intervals, also that of concentrates of the individual 
20 cells is controlled by taking samples and analyzing them in laboratory. The most 
important one of the instruments for immediate measurement of slxuiies in a 
flotation plant is the X-ray fluorescence analyzer which mostly analyzes metal 
contents of sohds contained in sample streams separated from slurries. For its high 
price, this device however does not apply to analysis of the concentrate of a single 
25 cell, but instead of that analyzes joint samples of cell combinations or complete 
flotation circuits. The need for development of an instrument for on-line analysis of 
operation of single flotation cells or for that of material processed by them is 
therefore high. For this reason, an attention has recently been paid also to such 
measurements which relate to the flotation froth. 

30 The appearance of the froth describes sensitively the operational state of the froth 
layer and even that of the whole cell, because all the material passing it and 
contained by it arrives to it through the slurry space of the cell. The surface of the 
froth is visible and the process controller traditionally inspects it by naked eye, in 
order to observe qualitatively its general outiook and specific features and to then 



wo 00/68672 PCT/FIOO/00400 



base his manual control actions on his observations and conclusions. Thus he may 
describe the froth e.g. one of big bubbles, porridge-type, watery, dry, stiff etc., in 
addition to characterization of its color. 

The quantitative, instrumental evaluation of the froth has become possible, as the 
5 combination of the video camera and the computer, connected to it for the analysis 
of the electric image signal, has become available. Since then, several research 
groups have directed their work to processing of pictures taken of the flotation froth, 
either in order to determine structures of froths from black/white pictures (e.g. 
Moobnan D.W. & al. in Int. J. Miner. Process. 43(1995), 193-208) or colors of 
10 froths from multi-, i,e. usually three-color pictures (e.g. Oestreich J.M. & al. in 
Minerals Engineering 8(1995), 31-39). Apparatuses with their software used for 
these aiTniQ have since then been subjected to commercialization. It is typical to said 
studies and apparatuses to observe a rectangular, rather large part of the industrial 
cell's froth siuface, whose horizontal area is typically considerably larger than one 
15 square meter, and to process the sampled surface of said type as a representative 
sample of the cell's froth surface. 

The conventional semiconductor matrix video camera device has been used in the 
stated studies. The U.S. Patent No 4.831.641 states, for its part, the analysis of 
flowing suspension in the mineral refining industry and, more particularly, the 
20 identrfication of solid particles in a flowing process fluid, without distinguishing the 
semiconductor matrix and semiconductor line array cameras from each other. It 
does not mention the flotation froth, and with suspensions in the stated industry one 
usually means two-phase solid/liquid suspensions and not the three-phase flotation 
froth. The illimiination of the object is not presented at all in the stated patenL 

25 An individual bubble can, if the camera and light source are located above the cell, 
be distinguished by means of light, which is reflected strongly back by its top area. 
This small, bright spot is in such a case surroimded by a darker zone. Depending on 
the illumination, the darkest regions may lie at the border of two bubbles, but the 
bottom of the valley separating the bubbles appears often also bright, because of the 

30 light it reflects, or is manifested by a stepwise change of the degree of darkness. 
Determination of the structural parameters of the froth, such as the mean bubble size 
and the fomi, density and size distribution of the bubbles can, further on, be based 
on the borderlines. The speed of the froth's movement is, for its part, determined by 
comparing successive pictures with each other. It is also customary to determine the 

35 brightness distribution of the imaged area and to present it in the form of a 
histogram. Features of the structure can also be determined by means of other 
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Statistical methods, on the basis of the frequency of appearance of image elements 
of different degrees of darkness. - The deterministically and statistically 
determinable features stated above are examples of quantities which have been 
determined by image analysis and presented in the literature, and which are 
5 generally characterized by a considerably large scatter. 

By means of a color video or color television camera one obtains, of the imaged 
field of the same type, a red, green and blue (RGB) signal, which signal set or the 
composite signal of standard form corresponding to it can be processed as such or 
transformed to other code form before processing. Detemiination of the color or 

10 spectrum of the froth suffers from large differences of intensity of the Mght reflected 
specularly or diffusely by the froth. Therefore e.g. too high signal elements have to 
be removed before processing. The color observed depends on naiaeral composition 
of the froth, but the determination of this dependence meets difficulties in practice 
which, in addition to the said differences of intensity, is due to the rather small 

15 differences of color of the colored metal minerals and to other, generally 
black/gray/white minerals present and to variation of their concentrations* 
Determination of both the structure and color is affected by the inhomogeneity of 
the quantities observable in the fields of view of the said camera instruments. This 
has not been taken into account in the studies reported earlier and has at least not 

20 influenced their methodologies or hardware technologies; it shall be reverted to 
lower down. 

For the stated determinations described in the Uterature, one has used previously 
known computational algorithms or mathematical methods, which have been 
progranuned to the form required by numerical computation in accordance with the 

25 aim of use described, or are obtainable from software Hbraries (See e.g. Niemi 
A. J. & al. in Int. J. Mmer. Process. 51(1997), 51-65 and several of its reference 
publications). Results of the determinations can be exploited in flotation control, but 
because their dependence on the input quantities of flotation is generally not 
accurately nor imambiguously known, the statements on control and regulation have 

30 remained on the stage of draft in the literature. 

Particular background of the invention 

In an ideally operating flotation cell, the entering air is distributed symmetrically 
around its axis in the horizontal plane, an the bubbles are distributed 
homogeneously, still as they reach the lower interface of the froth layer. The froth 
35 leaves the cell, which typically has the form of a rectangular parallelepiped, over 
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one of its edges, or sometimes over its two opposite, parallel edges. Thus the liquid 
and solids which are carried along by the bubbles which rise to the froth layer in the 
rear part (correspondingly sometimes in the middle part) of the cell spend the 
longest time for their travel to the overflow edge and out of the cell. The amoimt of 
5 the stated components and of these, especially that of the others than the floatable 
primary mineral certainly decreases during the travel, as the bubbles break and join 
to each other, and as their grains either adhere to the bubbles aside or below them, 
displacing grains adhered more weakly to these, or flow between the bubbles down 
to the slurry space. That part of the material lifted in the rear part which stays in the 

10 surface layer of the froth moves, at first slowly and then, at an increasing speed, 
toward the overflow edge. The acceleration is caused by the new material lisiiig 
everywhere to the froth layer which, despite of the selective return of the solids, 
gives a continuous impulse directed toward the free edge of the froth. Thus the 
surface is continuously reached by material lifted to the froth nearer to the overflow 

15 edge whose residence in the froth remains shorter and liberation from gangue 
components less. - Theoretical models of the froth layer have been derived (e.g. 
Moys, M.H. in Frothing in Flotation (Editor J.S, Laskowski), Gordon and Breach, 
UK 1989, 203-228), but they have not enabled one to make practical conclusions on 
the mineral concentrations of the froth surface. 

20 As a result of the process described, the mineral composition of the froth surface 
changes at the transfer toward the overflow edge. This change and the continuous 
growth of the transfer rate in the same direction imply an inclination toward 
inhomogeneity, also in the structure of the froth. The inhomogeneity of tiie 
industrial flotation froth has accordingly been stated in the literature of the branch 

25 (Laplante A.R. & al. inMin. Proc. Extr. Met Rev. 5(1989), 147-168). More lately, 
Niemi A.J. & al. (Int. J. Miner. Process. 51(1997), 51-65) have, in their study of 
apatite flotation cells, observed that the relatively light color of the froth in the rear 
part of the cell corresponds to a higher apatite content than that of the froth in the 
neighborhood of the overflow edge, the color of the latter being clearly affected by 

30 the red-brown mica present as a gangue. A video camera imaging a rather large area 
of the form of a rectangle has been used in the latter, experimental study in which 
the analysis of partial areas of the images transmitted by the camera has produced 
the stated result. 

One may further conclude that the analysis of the information contained by a 
35 relatively large surface area as an entity, neglecting the differences of color and 
structure between its different parts, delivers only average results. With regard to 
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the concentrate produced by the cell, they have to be considered as rough 
approximations, especially paying attention to the fact that the part of the image 
area which is closest to the overflow edge is, with regard to the concentrate being 
formed, much more significant than the other parts or averages of the imaged area. 
5 The observation is also influenced by the inhomogeneity of illumination of the 
object which is the greater the larger the area of the froth surface being measxired 
and which correspondingly distorts the image being formed on the detector. 

New method and apparatus 

On the basis of the stated studies and the character of the process, it is obvious that, 
10 in the surface layer of the flotation froth, the age distributions and transfer rates of 
the liquid phase and of the different phases of solids and, ftuther on, the mineral 
compositions of the solids change, as one moves, within the surface of the froth, 
from the rear part (middle part) toward the overflow edge. It is also obvious that 
these changes have an influence on the structure and the visually observable 
15 properties of the surface layer. The age of a material element means here the time, 
which has been spent since its transfer to the froth layer from the slurry space. 

On the other hand, there are no physical reasons to assimae that changes wotdd be 
present in the direction which is perpendicular to the direction of the stated 
movement, i.e. in that of travel from one side of the cell to the other parallelly to the 

20 overflow edge, excluding the effect which the side walls of the cell may have in 
their immediate neighborhood on the movement and structure of the froth. The 
central feature of the new method is accordingly the acquisition of representative 
image information of the froth layer in such a manner that the observation and the 
analysis of the result of observation are directed to a narrow strip of the surface, 

25 which strip is parallel to the overflow edge. The length of a strip of this kind, within 
which the quality of the froth is essentially even, may be equal to the breadth of the 
cell or less than this, e.g. in the presence of said side wall effect or for other reason, 
such as one related to the technology of the measuring device. 

Even when the flotation process operates in a stationary state, the outcome of a 
30 momentary measurement and the property determined on the basis thereof differ 
from the stationary value because of the process noise. E.g. the diameter of even 
one, big bubble may be several percents of the length of the measured strip, and 
therefore the structure, brightness, color and other properties of the froth have to be 
determined as averaged and distributed quantities over the strip, usually by means of 
35 several, successive observations and gliding determinations. The quantities obtained 
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in such a manner describe the properties of the froth at each chosen location better 
than the quantities determined over a larger surface, which has been assumed 
homogeneous but is inhomogeneous in reality. 

Location of the strip to be observed depends on the primary aim of the observation 
5 and analysis. With regard to the froth structure, it is best placed before the overflow 
edge, at a location where the speed differences caused by the overflow do not yet 
deform the bubbles. The data obtainable near the overflow edge and after this 
describes, for its part, better the final concentrate of the cell, especially with regard 
to the color and therefore also to the mineral concentration. On the other hand, the 
10 observation and measiurement before the overflow edge can in principle, at no 
change of the other input quantities than the mineral concentration of the cell feed, 
be cahbrated to indicate the mineral concentration as well. 

Homogeneous illimiination of the froth strip being observed can require 
construction of reflective surfaces and that of screens for elimination of external 

15 light, in accordance with the aim of use and the local conditions of use, but the 
device system for stated determinations may, in other respects, consist, for its main 
part, of a combination of commercially available devices. Some of such devices are 
AC and DC lamps of an appropriate power and emission spectrum , optical filters, 
semiconductor line array cameras (in special cases matrix cameras) with 

20 conventional lens optics which take black/white and color pictures at adjustable or 
fixed intervals, digital, primarily micro computers, devices for transfer of 
information between said devices and output devices for results of measurements 
and analyses. 

Q 

The device system for carrying out the observation and analysis according to the 
25 method described may consist of e.g. the apparatus according to U.S. Patent No 
4.831.641 comprising a linear photodiode array detector. In such a system, a 
decreased image of the aimed froth strip and of its immediate environment is formed 
by means of conventional, spherical optics in such a manner that the strip is imaged 
within the detector's area, i.e. an optics of a smtable focal length and its distance 
30 from the froth are chosen so, that the imaging takes place in the manner described 
The dimensions of the detector determine, at the same time, the breadth of the froth 
strip being observed, and the number of its elements the resolution of the 
observation in the direction of the strip. The scanning rate of the detector is then 
chosen suitably so, that each element of the surface Avill be read approximately 
35 once, as the froth moves at its average speed. In addition to the detectors which 
consist of one semiconductor line array, also such integrated detectors are available 
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which comprise several, parallelly located line array detectors. In them, the signals 
of parallel elements are added to each other and they dehver only one, serial output 
signal; the line array detector stated earlier is, above and in the followiag, 
considered to comprise also such detectors. — Line scan cameras are obtainable for 
5 such uses as industrial products which sufSciendy meet the requirements set to the 
optics, resolution of the observation and reading frequency of the detector. In 
addition to the one-color cameras, RGB and other color cameras are obtainable, in 
which the colors of the optical image signal either are separated by filters or the 
image signal is divided by e.g. a prism to its components, which are then guided to 
10 different semiconductor line array detectors. The optical signal range is in the 
following considered to cover the range of the electromagnetic, both visible and 
iuvisible radiation, such as that of the infirared and ultraviolet light to the extent to 
which the lens optics and semiconductor detectors are able to operate. 

The electric, discrete signal corresponding to the optical image signal is read from 
15 the detector elements in the form of series of pulses, and each signal element is 
converted to a digital nimiber, which is proportional to the amplitude of the signal 
element and therefore to the level of grayness of the image element The reading 
and processing of the data and transfer of data for processing into the central unit or 
for storage into the memory of the computer thus proceed practically e.g. in the 
20 manner described in the stated patent. Alternatively, the information measured can 
also be transferred in the form of a contrnuous analog signal which is discretized 
and converted to digital data in the interface unit of the computer. 

Transfer of data into the central xmit of the computer and storage into its memory 
are progr amm ed for implementation of such previously known methods which have 

25 been used for analysis and interpretation of information transmitted by the line array 
camera in the monitoring of fixed, mechanically movable pieces, like in the 
classification of rocks moved on a conveyor belt in the mining industry or in search 
and observation of surface defects of metal plates in connection with the rolling. 
The processing of data is programmed for implementation of the numerical 

30 methods, which are known from the analysis of a large froth surface on the basis of 
the image transmitted by a matrix camera, after they have been reduced to 
processing of one-dimensional data, or using them in their two-dimensional form, in 
the manner to be described in the following. Thus the grayness histogram of the 
froth strip is obtained by arranging the measured data according to their degree of 

35 grayness and the function describing the texture of the strip from variation of the 
grayness by means of e.g. the Fourier transformation, both of them as average 
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ftmctions of a number of measurements and analyses. Corresponding to this, the 
breadths of the bubbles and the distribution of the breadth are obtained as quantities, 
which are determined deterministically. 

A two-dimensional representation of the froth at the location of the strip is 
5 constructed, for determination of forms of the bubbles and for that of e.g. two- 
dimensional, statistical quantities, by joining the successive strip signals to each 
other. A picture of this kind represents the froth in the stationary state better than 
any momentary observation transmitted by the naked eye or matrix camera, or an 
average picture derived from such observations. The constructed, two-dimensional 

10 picture can then be processed by means of previously known methods, which have 
been used for the processing of froth pictures taken with the matrix camera. It can, 
further on, be displayed on monitor as a picture representing the strip under 
observation, for visual inspection and detection of properties of the froth and for 
that of their changes. - However, if the speed of the froth is subject to variations, it 

15 has in such a case to be determined separately and taken into accoxmt at the joining 
of the strip signal to the previous one. Here one may take a benefit of e.g. the fact 
that such bubbles which are small but have a breadth corresponding to at least 
several image elements are, in most mineral froths, circular as seen from above. 
Under such conditions one may determine, at times and using as may be needed a 

20 faster scanning frequency of the semiconductor line array detector, the time interval 
during which the front or rear end of each chosen bubble passes the field of view or 
its edges. The momentary speed of the froth in the principal direction of flow is 
calculated on the basis of the stated time interval and the measm-ed breadth of the 
bubble, which is equal to its diameter. 

25 Figure 1 presents a typical device system for observation of, primarily, the structure 
of the froth siniace. The surface of the froth layer 2 above the slurry 1 is illuminated 
by the illuminator 3 and observed by the line array camera 4. The screen 5 checks 
the access of outside light to the froth strip being observed and to the camera. 

Figure 2 presents a typical device system for observation of, primarily, the color of 
30 the froth. The surface of the froth layer near the overflow weir is illuminated by 
illuminators 7 of long form and observed by the line array color camera 8. The 
screen 9 and illuminators with the structures supporting them check the access of 
outside light to the froth strip being observed and to the camera. - The froth slxury 
flowing down is illuminated and observed, and the access of outside light checked 
35 by equal, essentially horizontally imaging devices 10, 11, 12. Sectional drawing B- 
B is so limited that the camera 1 1 does not appear in it. 
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Figure 3 is magnified drawing of a detail of illumination of the froth by illuminators 
accordiag to Figure 2. 

Figure 4 presents a device system for observation of the structm-e of the froth 
surface in a cylindrical flotation cell. The screen 14 checks the access of outside 
5 light to the curved froth strip being observed and to the camera. 

In the embodiment accordiag to Fig. 1, the line array camera observes a narrow 
froth strip, which is parallel to the overflow edge 6. At determination of the froth 
stmcture in the first place, it is illuminated from a direction which is close to that of 
the camera, preferably by a small-size illuminator 3. In such a case, the distinction 

10 of different bubbles can be based on reflections from their top areas. The 
illuminator with its reflector, possible light absorbing surfaces and choice of lamp is 
designed for delivery of light aimed to the froth strip being observed and being as 
plane as possible, and for such a distribution of light in the related plane, that it 
produces a homogeneous illumination of the strip along its total length. The narrow 

15 field of view and the optics of the camera 4 are guarded against outside light by a 
lamellar screen, the inner walls of which are painted for minimal reflectivity; less of 
screening is needed, if the amount of disturbing, outside Light is small. Fig. 1 
presents a device system described above. Because its narrowness, the apparatus 
covers only a smaU part of the froth surface and therefore does not essentially 

20 decrease the possibilities of the process operator to monitor the froth visually. 

The arrangement according to Fig. 1 for illumination and imaging can be used to 
determination of also the color of the froth. However, for this task it is better to 
apply an illxm^iinatipn of the froth surface in a low angle or within a low range of the 
angle, in order to avoid large differences in the light received and reflected by the 

25 bubble surfaces of different directions and therefore e.g. the bright reflections by the 
tops of the bubbles. Fig. 2 presents a device system according to this, in which the 
illuminators 7 have been placed at the root of the observation channel, being outside 
this as explained by Fig. 3, They deliver homogeneously distributed light to a 
chosen froth strip located preferably close to the froth overflow, mainly in a 

30 direction which belongs to the symmetry plane of the reflector and is perpendicular 
to the iUxmiinator of long form. The screen 9 is similar to that of Fig. 1 and the line 
array color camera 8 has been placed similarly to the camera of Fig. 1; thus they 
produce the same advantages as those stated previously. Instead of the vertical 
direction, the apparams may be oriented also obliquely, e.g. so that it is 

35 perpendicular to the surface of the material, as this passes the overflow edge, or 
horizontally, in order to illuminate and observe a narrow strip of the froth slurry 
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flowing down from the overflow edge of the cell (alternative components 10, 11, 12 
are hereby the same as the components 7, 8, 9 stated previously). The location of 
the devices for illimtiination and observation is essentially influenced by breakage of 
the bubbles at the overflow edge and after this, as the flow accelerates and 

5 hydrodynamic stresses grow rapidly. At the breakage of bubbles coming from 
dififerent levels of the froth, the slimy is also mixed. Therefore the 
representativeness of the sample being observed as an indicator of the color and thus 
the concentration of the concentrate is improved, especially after the overflow edge 
has been passed. Whenever the color is the primary object being monitored, the 

10 description of the structure remains secondary. Therefore, and if e.g. at the same 
time the need of space required by the devices outside the cell is wanted to be 
decreased, the camera and screen can be directed obliquely to the object, especially 
to the surface of the froth slurry flowing down, while the orientation of the 
illumination with regard to the surface is not changed. This orientation of the 

15 camera and screen as an alternative to the orientation of the previously stated screen 

12 and camera 1 1 appears from the orientation of the root of the alternative screen 

13 in Fig- 3. - As far as is known, no method or apparatus for formation and real- 
time analysis of the optical image of the flotation product flowing down from the 
overflow edge has been presented earlier. 

20 In an application related primarily to the structure of the froth, the system described 
is located upstream of the overflow edge area and observes an xmdeforaied froth 
surface, for determination of its structure in the chosen strip. The information 
delivered by it represents xmambiguously the stated structure, because under a 
steady operation of the cell the average values of all quantities are invariable, 

25 although the momentary values vary randonaly. Contrary to this, the information 
delivered by the previously known systems using the matrix camera (typically e.g. 
512 sensor elements x 512 sens, elem.) for imaging of the froth is not equally 
representative, since they do not take the inhomogeneity of the large, two- 
dimensional froth surface imaged into accoimt. In addition to this, a narrow strip is, 

30 especially at detemiination of the froth color, more easily iUmninated 
homogeneously than a large surface. Further on, the line array camera is cheaper 
than the matrix camera and the software needed for processing of the data produced 
by it is simpler than that in the case of the matrix camera. The new method does not 
either essentially Umit a visual inspection of the froth surface. 

35 In another application related to the color of the froth, the system described 
measures a color quantity which, after it has been converted to a concentration 



wo 00/68672 



PCT/FI00/0O40O 



11 

quantity, is related to the mineral concentration of the solids. Line array color 
detectors and cameras incorporating them are used, whereby it is typical to their use 
that the color signals being obtained are in each case based on the chosen, narrow 
froth strip. The colors are determined on the basis of the amplitudes of the 
5 components of the color signals. With regard to the homogeneity of illumination, 
visual observability of the froth or slurry surface, economy of the apparatus and 
ease of the programming, the new color observation system is more advantageous 
than the corresponding system using the matrix camera, the use of which system for 
observation of the froth slurry at the front wall of the cell is not previously known, 
10 as stated above. — A chosen, single color signal component can additionally be used, 
similarly as a black/gray/white signal, for determination of the froth structure. 

Also an apparatus comprising a matrix camera can be progranmied to read 
repeatedly the same, single row of elements which is parallel to the overflow weir, 
whereby measured information is obtained of a narrow froth strip, in principle in the 

15 same manner as by using the line array camera system. Such a use of the matrix 
camera for observation and analysis of the flotation froth has, however, not been 
reported and, as far as is known, not appUed up to the present If used in this 
manner, homogeneous illumination woiild result, and 'good protection against 
outside sources of light and simultaneously good visual observability would, 

20 however, be reached only by using illumination and screening which are similar to 
those according to the new invention and which have been described in coxmection 
with the present Specification and Fig, 1. Although the use of the matrix camera in 
such an implementation belongs to the scope of the invention, it woxild be 
technically inconsistent to use, in absence of any benefit, the technically more 

25 compHcated matrix detector for observation of a narrow, linear strip, instead of the 
line array camera system which is simpler and easier to use and which also belongs 
to the scope of the invention, 

The values of the quantities corresponding to the physical properties of the froth and 
determined with the new method described, and the values of the quantities derived 

30 from them by computation are displayed numerically and graphically by monitors 
and printed by line, laser and other printers for information to the process supervisor 
and for application to process control by him. They can be brought also in digital 
and analog form to regulators and actuators controlling inputs of the flotation 
process, for automatic control and regulation of the process. The actuator and the 

35 input quantity of the process, which are controlled by the quantities produced in the 
stated manner are determined by the properties of the process being controlled. 
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They are chosen so that the correcting effect corresponding to the measured data or 
their change is accomplished and especially in the case of feedback control the 
measured deviation from the setpoint is eliminated. The flotation circuit or cell is, 
for requirements of process technology, provided with at least manual actuators of 

5 this kind and corresponding devices for automatic control are available. The stated 
setpoint is, for its part, that value of the measured quantity which this quantity is 
wanted to have at the point of measurement, imder nominal conditions of operation. 
It may be constant, but it may also be adjusted manually or automatically, 
depending on the operational conditions, such as the content of the valuable mineral 

10 in the ore being processed, A new feature in automatic control of the flotation cell is 
implied by the new measured quantity of the control which is based on observation 
of the locally fixed froth strip. It describes the process more imainbiguously than the 
earlier methods and device systems and, being brought to the devices which control 
the inputs of the process, produces therefore a better control result than they do, 

15 In the preceding description of the invention, the object of its preferred application 
has been the conventional flotation cell in which the overflow edge is or edges are 
straight Flotation cells which differ from it are also present in the industry, and 
similarly e.g. cells provided with scrapers of froth, but making the logically required 
changes one may apply the new method also to them. Application to a cylindrical 

20 flotation cell whose overflow edge is a horizontal circle or part of a circle is 
presented in the following, as an example of such a different type of embodiment of 
the invention. 

In the cylindrical flotation cell presented in Fig. 4, the strip being observed is, 
analogously with the preceding text, a curved area of the froth surface which is 

25 limited by two circular arcs which have a common center point with the cell. The 
stated area is thus everywhere parallel to, and of the same form as the overflow 
edge. Its longer radius is normally the same as, or shorter than the radius of the 
overflow edge. The chosen length of the strip which has been considered 
representative determines its part of the full circle or the corresponding central 

30 angle, and the side wall effect mentioned in cormection with the embodiment 
described earlier is now absent. 

Especially at determination of the froth structure, the illumination and imaging of 
the strip can be directed to take place between such conic surfaces which pass the 
strip along its edges, whereby the length of the strip determines the needed breadth 
35 of the part of conic surface. This part tapers linearly up to the top of the 
corresponding cone, which in the case of a straight cone is located above the cell, on 
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the central axis. However, it is often more advantageous to locate the tops outside 
the central axis, above the axis of the sector limited by the strip, whereby the 
corresponding surfaces are parts of oblique, conic surfaces. The camera may be 
located e.g. vertically above that point of the sector axis which is the median point 
5 of the total strip surface in the axial direction. The outer surface may thereby 
practically be, instead of the a part of oblique, conic sxirface referred to above, a 
part of that vertical, cylindrical surface which is determined by the outer edge of the 
strip, and only the inner surface a part of an oblique, conic surface. — The stated 
conic and cylindrical surfaces 14 and the side walls connecting them to each other 
10 check the outside light from disturbing the froth observation, by checking its access 
to the area being imaged and to the camera. 

The small-size light source and camera are located between the tops of the cones 
stated or meant above, or close to this place. The curved froth strip is imaged 
camera-optically e.g. on a narrow sensor of the form of a semicircular arc consisting 

15 of semiconductor elements; such sensors have been produced for special uses. The 
distance and focal length of the camera are fitted in such a manner, that the image of 
the desired strip falls for its whole length on said sensor or on such part of the 
sensor which corresponds to the length of the strip. The discrete, electrical image 
signal is thereafter read and interpreted in the manner presented in a previous place, 

20 for the case of the linear array detector. 

If the overflow edge is not straight, it may prove difficult to find a sensor of suitable 
curvature and nmnber of elements. For this reason and also for simplification of 
focussing of the image, it may prove beneficial to use the conventional 
semiconductor matrix sensor and camera in such a case, although its use in the case 

25 of the flotation ceU with straight edges, for observation of the straight froth strip, 
was previously shown technically inconsistent as compared with the use of the line 
array camera. Using now the matrix camera for observation of the froth surface in 
e.g. a cylindrical celL, the narrow strip of the same direction and form as the 
overflow edge is corresponded by a sensor element set of the same form on the 

30 matrix sensor, which elements form a connected chain. The distinction and 
separation of the corresponding, electrical set of elements from the digital image 
signal being obtained are logically managed by a professional who is famihar with 
image processing. 

Correspondingly, the determination of the froth color proceeds in the case of a 
35 cylindrical cell using most appropriately the conventional matrix color sensor and 
camera in the same manner as that presented above about the use of the black/white 
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camera, taking with regard to the use of the electrical color signals into account 
those special features which were presented earlier on use of the line array color 
camera for observation of the froth color in a cell with straight edges. Also the 
homogeneous illumination in a low angle needed here is accomplished analogously 
to the illumination of the straight froth strip. Since however the accomplishment of 
an illumination following the curved edge of the conic or cylindrical surface may 
hereby prove difficult it can be produced approximately, by dividing it to several 
straight illimiinators along the edge. Correspondingly, the conic and cylindrical 
surfaces can be divided to the same number of plane surface segments with straight 
edges, removing the opposite surfaces farther from each other in such a manner that 
a sufficient homogeneity remains and no part of the object strip falls in shade. 

After the image of the curved froth strip has been formed and transferred to a 
computer in the manner described in the preceding paragraphs, it can be subjected 
to the analysis procedures which were presented earlier, in connection with the 
flotation cell of parallelepiped form. E.g. a two-dimensional picture of the froth at 
the location of the strip is formed in a manner which corresponds to that presented 
earlier. At the same time, one may straighten each one of the strips to be joined to a 
linear form wdthout changing the amplitude readings of its elements. The picture 
bom by such means is formed in a rectangular coordinate system which is 
convenient considering the use of most, ninnerical analysis methods. 

In the case of the froth slurry flowing down along the cylindrical surface of the cell, 
both the illiunination and imaging are accomplished with units according to Fig. 2 
which are constructed to be sufficiently narrow and installed next to each other, at 
the same height and at the same distance from the cylindrical surface each, so that a 
sufficiently homogeneous illxmiination and geometrically sufficiently correct image 
is reached. The signals deUvered by the line array color sensors are then combined 
in the common computer of the units, in order to produce color information which 
represents a sufficiently wide froth slurry flow. Under good conditions, when the 
froth slurry flowing down is homogeneous in the horizontal direction over the 
cylindrical surface, even a single illumination and observation imit may be sxifficient 
for delivery of representative color information. 

In the same maimer as in the embodiment presented above, the new invention is 
considered to cover the applications of the presented method to other flotation 
devices which differ in the details of their structure and to which its application, on 
the basis of the presentation above, is obvious to a professional skilled in the art. 
Similarly the structures and instruments for production of the wanted illumination 
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and observation are to be understood as examples which cover also such devices 
which for different objects of use are natural alternatives to a professional. — The 
economy of the apparatus according to the invention and its technical simplicity 
make its use, taking the expected improvement of quality of the concentrate into 
5 accoimt, advantageous in many, even in all cells of a larger flotation system and a 
complete flotation plant An additional, technical and economic benefit is thereby 
produced by centralization of the processing of image information so, that the 
signals transmitted by several cameras are processed by common computer or 
computers, and the output of the data determined is concentrated as needed to 
10 common devices for presentation and to devices controlling the larger flotation 
system. 
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Claims 

1. Method for monitoring and analyzing the surface of floated material, in which 
an optical image of said surface is foraied continuously and converted repeatedly, 
optoelectrically to electrical signals which are read, transferred and processed 
digitally for determination and output of quantities corresponding to physical and 
statistical properties of said material and surface, characterized in that said image 
is at the optoelectrical conversion limited to a narrow rectangle and divided to a row 
of image elements, that the elements of the detected, eletrical signals correspond 
individually to said image elements and that, corresponding optically to said, to a 
narrow rectangle limited image, the area of the same form on said surface is 
homogeneously illuminated and parallel to the overflow edge of a flotation cell, 

2. Apparatus for carrying out the method according to Claim 1, comprising, in 
combination, 

- at least one light soxu'ce (3) and optical components for illumination of the surface 
of floated material, and a screen (5) for checking the access of outside light, 

- a camera (4) for continuous fomiation of the optical image of said surface and for 
repeated production of electrical signals corresponding to said image, as its output 
quantity and 

- a digital computer for receiving and processing said signals, and for deter minin g 
quantities corresponding to physical and statistical properties of froth, with its 
interfaces for delivering the values of said quantities to central supervision and 
process control devices, 

characterized in that said camera (4) is a semiconductor line array camera 
comprising a semiconductor line array detector which camera produces said 
electrical signals on the basis of the image of a narrow strip of the surface of the 
floated material said strip being parallel to the overflow edge (6), and that said at 
least one Ught source (3), optical components and screen (5) produce homogeneous 
illimiination to said strip from a direction which is close to that of said camera. 

3. Method for monitoring and analyzing the surface of flotation froth, in which 
an optical image of said surface is formed continuously and converted repeatedly, 
optoelectrically to sets of electrical signals which are read, transferred and 
processed digitally for determination and output of quantities corresponding to the 
color and other physical and statistical properties of said flotation froth and surface. 
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characterized in that said image is at the optoelectrical detection limited to a 
narrow rectangle and divided to sets of image elements arranged in rows and 
representing different color components, whereby the number of said rows is at 
most same as the number of said color components, that the detected elements of the 
5 eletrical signal sets correspond individually to said image elements, and the 
detected, electrical signal sets to said sets of image elements representing different 
color components and that, corresponding optically to said image limited to a 
narrow rectangle, the area of the same fomi on said surface is homogeneously 
illuminated and parallel to the overflow edge of the flotation ceU. 

10 4. Method for monitoring and analyzing the surface of the froth slurry flowing 
down from the overflow edge of flotation cell, in which an optical image of said 
surface is formed continuously and converted repeatedly, optoelectrically to sets of 
electrical signals which are read, transferred and processed digitally for 
determination and output of quantities correspondiug to color and other physical 

15 and statistical properties of said froth slurry and surface, characterized in that said 
image is at the optoelectrical detection limited to a narrow rectangle and divided to 
sets of image elements arranged in rows and representing different color 
components, whereby the number of said rows is at most same as the number of 
said color components, that the detected elements of the eletrical signal sets 

20 correspond individually to said image elements, and the detected, electrical signal 
sets to said sets of image elements representing different color components and 
that, corresponding optically to said image limited to a narrow rectangle, the area of 
the same form on said surface is homogeneously illuminated and parallel to the 
overflow edge of the flotation cell. 

25 5. Apparatus for carrying out the method according to Claim 3 or 4, comprising, 
in combination, 

- at least one light source (7, 10) and optical components for illumination of the 
surface of floated material (1, 2), and a screen (9, 12) for checking the access of 
outside hght, 

30 - a camera (8, 11) for continuous formation of the optical image of said surface and 
for repeated production of electrical signals corresponding to said image, as its 
output quantity, and 

- a digital computer for receiving and processing said signals, and for determining 
quantities corresponding to color and other physical and statistical properties of 
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floated material, with its interfaces for delivering the values of said quantities to 
central supervision and process control de\dces, 

characterized in that said camera (8, 1 1) is a color video camera provided with 
optoelectrical semiconductor line array detectors which camera produces said 
electrical signals on the basis of the image of a narrow strip of the surface of the 
floated material said strip being parallel to the overflow edge (6), and that said at 
least one light source (7, 10), optical components and screen (9, 12) produce to said 
strip homogeneous illiunination which meets said strip in a low angle. 

6. Method for monitoring and analyziug the surface of flotation firoth, in which 
an optical image of said surface is formed continuously and converted repeatedly, 
optoelectrically to electrical signals which are read, transferred and processed 
digitally for determination and output of quantities corresponding to physical and 
statistical properties of said flotation froth and surface, characterized in that, from 
said electrical signals, those are separated and processed digitally which are induced 
by a narrow image which is bounded to the form of the overflow edge and divided 
to a chaia of image elements, that the elements of the electrical signals being 
processed digitally correspond individually to said image elements and that, 
corresponding optically to said narrow image which is boxmded to the form of the 
overflow edge, the area of the same form on said surface is homogeneously 
illuminated and everywhere at an equal distance from the overflow edge of the 
flotation cell. 

7. Apparatus for carrying out the method according to Claim 6, comprising, in 
combination, 

- at least one light source and optical components for illumination of the surface of 
flotation froth, and a screen (14) for checking the access of outside light, 

- a semiconductor matrix video camera for continuous formation of the optical 
image of said surface and for repeated production of electrical signals corresponding 
to said image, as its output quantity and 

- a digital computer for receiving and processing said signals, and for determining 
quantities corresponding to physical and statistical properties of froth, with its 
interfaces for delivering the values of said quantities to central supervision and 
process control devices. 
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characterized in that said digital computer has been programmed to separate and 
process digitally the electrical signals which are induced by a narrow area botmded 
to the form of the overflow edge in the image which is formed by said camera of a 
locally fixed, narrow area of the surface of the flotation froth which area has the 
5 form of the overflow edge, and that said at least one light source, optical 
components and screen (14) produce homogeneous illimiination to said area of said 
surface from a direction which is close to that of said camera. 

8. Method for monitoring and analyzing the surface of flotation froth, in which 
an optical image of said siirface is formed continuously and converted repeatedly, 

10 optoelcctrically to electrical signals which are read, transferred and processed 
digitally for determination and output of quantities corresponding to the color and 
other physical and statistical properties of said flotation froth and surface, 
characterized in that, from said electrical signals, those are separated and processed 
digitally which are induced by a narrow image area which is bounded to the form of 

15 the overflow edge, which image area is at the optoelectrical conversion divided to 
chains of image elements which chains have an equal fomi and represent different 
color components, whereby the niunber of said chains is at most same as the number 
of said color components, that the elements of the electrical signals being processed 
digitally correspond individually to said image elements and that, coixesponding 

20 optically to said narrow image which is bounded to the form of the overflow edge, 
the area of the same form on said surface is homogeneously illxuninated and 
everywhere at an equal distance from the overflow edge of the flotation cell. 

9. Apparatus for carrying out the method according to Claim 8, comprising, in 
combination, 

25 - at least one light source and optical components for illumination of the surface of 
flotation froth, and a screen (14) for checking the access of outside light, 

- a semiconductor matrix color video camera for continuous formation of the optical 
image of said smiace and for repeated production of electrical signals corresponding 
to said image, as its output quantity and 

30 - a digital computer for receiving and processing said signals, and for determining 
quantities corresponding to the color and other physical and statistical properties of 
the flotation froth and surface, with its interfaces for delivering the values of said 
qusmtities to central supervision and process control devices. 
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characterized in that said digital computer has been programmed to separate and 
process digitally the electrical signals which are induced by a narrow area bounded 
to the form of the overflow edge in the image which is formed by said camera of a 
locally fixed, narrow area of the surface of the flotation firoth which area has the 
form of the overflow edge, and that said at least one light source, optical 
components and screen (14) produce to said area of said surface homogeneous 
illumination which meets said area of said surface in a low angle. 
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WRITTEN OPINION 



International application No. PCT/FI 00/00400 



I. Basis of th pinion 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this opinion as "originally filed"): 

Description, pages: 

1-15 as originally filed 

Claims, No.: 

1-11 as received on 04/12/2000 with letter of 07/1 1/2000 

Drawings, sheets: 

1/2.2/2 as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the intemational application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: . which is: 

□ the language of a translation furnished for the purposes of the intemational search (under Rule 23.1(b)). 

□ the language of publication of the international application (under Rule 48.3(b)), 

□ the language of a translation furnished for the purposes of intemational preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the intemational application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the intemational application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the intemational application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been fumished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
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the drawings. 



sheets: 



5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report,) 



6. Additional observations, if necessary: 



III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

1 , The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- 
obvious), or to be industrially applicable have not been and will not be examined in respect of: 

V S the entire international application, 

□ claims Nos. . 

because: 

□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international preliminary examination (specify): 



H the description, claims or drawings (indicate particular elements 5e/ovv) or said claims Nos. 1-11 are so 
unclear that no meaningful opinion could be formed (specif^): 
see separate sheet 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be fomried. 

□ no international search report has been established for the said claims Nos. . 



2. A written opinion cannot be drawn due to the failure of the nucleotide and/or amino acid sequence listing to 
comply with the standard provided for in Annex C of the Administrative Instructions: 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 
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International application No. PCT/F 100/00400 



The present set of claims contains eleven independent claims and no dependent claim. 
Although these claims have been drafted as separate independent claims, they appear 
to relate effectively to the same subject-matter and to differ from each other only with 
regard to the definition of the subject-matter for which protection is sought and/or in 
respect of the terminology used for the features of that subject-matter. The 
aforementioned claims therefore lack conciseness. Moreover, lack of clarity of the 
claims as a whole arises (Art. 6 PCT), since the plurality of independent claims makes it 
impossible to determine the matter for which protection is sought, and places an undue 
burden on others seeking to establish the extent of the protection. 

Accordingly, examination of the novelty and inventive step of the subject-matter of the 
claims is postponed, until an amended set of claims is filed defining the relevant 
subject-matter in terms of a single independent claim in each category followed by 
dependent claims covering features which are merely optional (Rule 6.4 PCT). 

When drafting the new set of claims, the applicant should take into consideration the 
teachings of the documents of the search report, especially of the X documents. 
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Claims 

1 . Method for monitoring and analyzing the surface of floated material, in which 
an optical image of said surface is formed continuously and converted repeatedly, 
optoelectrically to electrical signals which are read, transferred and processed 

5 digitally for determination and output of quantities corresponding to physical and 
statistical properties of said material and surface, characterized in that said image 
is at the optoelectrical conversion limited to a narrow rectangle and divided to a row 
of image elements, that the elements of the detected, eletrical signals correspond 
individually to said image elements and that, corresponding optically to said, to a 
10 narrow rectangle limited image, the area of the same form on said surface is 
homogeneously illuminated and parallel to the overflow edge of a flotation cell. 

2. Apparatus for carrying out the method according to Claim 1, comprising, in 
combination, 

- at least one light source (3) and optical components for illumination of the surface 
15 of floated material, and a screen (5) for checking the access of outside light, 

- a camera (4) for continuous formation of the optical image of said surface and for 
repeated production of electrical signals corresponding to said image, as its output 
quantity and 

- a digital computer for receiving and processing said signals, and for determining 
20 quantities corresponding to physical and statistical properties of froth, with its 

interfaces for delivering the values of said quantities to central supervision and 
process control devices, 

characterized in that said camera (4) is a semiconductor line array camera 
comprising a semiconductor line array detector which camera produces said 
25 electrical signals on the basis of the image of a narrow strip of the surface of the 
floated material said strip being parallel to the overflow edge (6), and that said at 
least one light source (3), optical components and screen (5) produce homogeneous 
illumination to said strip from a direction which is close to that of said camera. 

3. Method for monitoring and analyzing the surface of flotation froth, in which 
30 an optical image of said surface is formed continuously and converted repeatedly, 

optoelectrically to sets of electrical signals which are read, transferred and processed 
digitally for determination and output of quantities corresponding to the color and 
other physical and statistical properties of said flotation froth and surface. 
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characterized in that said image is at the optoelectrical detection limited to a 
narrow rectangle and divided to sets of image elements arranged in rows and 
representing different color components, whereby the number of said rows is at 
most same as the number of said color components, that the detected elements of the 
5 eletrical signal sets correspond individually to said image elements, and the 
detected, electrical signal sets to said sets of image elements representing different 
color components and that, corresponding optically to said image limited to a 
narrow rectangle, the area of the same form on said surface is homogeneously 
illuminated and parallel to the overflow edge of the flotation cell. 

10 4. Method for monitoring and analyzing the surface of a froth slurry, in which an 
optical image of said surface is formed continuously and converted repeatedly, 
optoelectrically to sets of electrical signals which are read, transferred and processed 
digitally for determination and output of quantities corresponding to color and other 
physical and statistical properties of said froth slurry and surface, characterized in 

15 that said froth slurry is the froth slurry flowing down from the overflow edge of 
flotation cell, that said image is at the optoelectrical detection limited to a narrow 
rectangle and divided to sets of image elements arranged in rows and representing 
different color components, whereby the number of said rows is at most same as the 
number of said color components, that the detected elements of the eletrical signal 

20 sets correspond individually to said image elements, and the detected, electrical 
signal sets to said sets of image elements representing different color components 
and that, corresponding optically to said image limited to a narrow rectangle, a 
narrow area of rectangular form on said surface is homogeneously illuminated and 
parallel to the overflow edge of the flotation cell. 

25 5. Apparatus for carrying out the method according to Claim 3 or 4, comprising, 
in combination, 

- at least one Hght source (7, 10) and optical components for illumination of the 
surface of floated material (1, 2), and a screen (9, 12) for checking the access of 
outside light, 

30 - a camera (8, 11) for continuous formation of the optical image of said surface and 
for repeated production of electrical signals corresponding to said image, as its 
output quantity, and 



- a digital computer for receiving and processing said signals, and for determining 
quantities corresponding to color and other physical and statistical properties of 
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floated material, with its interfaces for delivering the values of said quantities to 
central supervision and process control devices, 

characterized in that said camera (8, 11) is a color video camera provided with 
optoelectrical semiconductor line array detectors which camera produces said 
5 electrical signals on the basis of the image of a narrow strip of the surface of the 
floated material said strip being parallel to the overflow edge (6), and that said at 
least one light source (7, 10), optical components and screen (9, 12) produce to said 
strip homogeneous illumination which meets said strip in a low angle. 

6. Method for monitoring and analyzing the surface of flotation froth, in which 
10 an optical image of said surface is formed continuously and converted repeatedly, 

optoelectrically to electrical signals which are read, transferred and processed 
digitally for determination and output of quantities corresponding to physical and 
statistical properties of said flotation froth and surface, characterized in that, from 
said electrical signals, those are separated and processed digitally which are induced 

15 by a narrow image which is bounded to the form of the overflow edge and divided 
to a chain of image elements, that the elements of the electrical signals being 
processed digitally correspond individually to said image elements and that, 
corresponding optically to said narrow image which is bounded to the form of the 
overflow edge, the area of the same form on said surface is homogeneously 

20 illuminated and everywhere at an equal distance from the overflow edge of the 
flotation cell. 

7. Apparatus for carrying out the method according to Claim 6, comprising, in 
combination, 

- at least one light source and optical components for illumination of the surface of 
25 flotation froth, and a screen (14) for checking the access of outside light, 

- a semiconductor matrix video camera for continuous formation of the optical 
image of said surface and for repeated production of electrical signals corresponding 
to said image, as its output quantity and 

- a digital computer for receiving and processing said signals, and for determining 
30 quantities corresponding to physical and statistical properties of froth, with its 

interfaces for delivering the values of said quantities to central supervision and 
process control devices. 
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characterized in that said digital computer has been programmed to separate and 
process digitally the electrical signals which are induced by a narrow area bounded 
to the form of the overflow edge in the image which is formed by said camera of a 
locally fixed, narrow area of the surface of the flotation froth which area has the 
5 form of the overflow edge, and that said at least one light source, optical 
components and screen (14) produce homogeneous illumination to said area of said 
surface from a direction which is close to that of said camera. 

8. Method for monitoring and analyzing the surface of flotation froth, in which 
an optical image of said surface is formed continuously and converted repeatedly, 

10 optoelectrically to electrical signals which are read, transferred and processed 
digitally for determination and output of quantities corresponding to the color and 
other physical and statistical properties of said flotation froth and surface, 
characterized in that, from said electrical signals, those are separated and processed 
digitally which are induced by a narrow image area which is bounded to the form of 

15 the overflow edge, which image area is at the optoelectrical conversion divided to 
chains of image elements which chains have an equal form and represent different 
color components, whereby the number of said chains is at most same as the number 
of said color components, that the elements of the electrical signals being processed 
digitally correspond individually to said image elements and that, corresponding 

20 optically to said narrow image which is bounded to the form of the overflow edge, 
the area of the same form on said surface is homogeneously illuminated and 
everywhere at an equal distance from the overflow edge of the flotation cell. 

9. Apparatus for carrying out the method according to Claim 8, comprising, in 
combination, 

25 - at least one light source and optical components for illumination of the surface of 
flotation froth, and a screen (14) for checking the access of outside Ught, 

- a semiconductor matrix color video camera for continuous formation of the optical 
image of said surface and for repeated production of electrical signals corresponding 
to said image, as its output quantity and 

30 - a digital computer for receiving and processing said signals, and for determining 
quantities corresponding to the color and other physical and statistical properties of 
the flotation froth and surface, with its interfaces for dehvering the values of said 
quantities to central supervision and process control devices. 
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characterized in that said digital computer has been programmed to separate and 
process digitally the electrical signals which are induced by a narrow area bounded 
to the form of the overflow edge in the image which is formed by said camera of a 
locally fixed, narrow area of the surface of the flotation froth which area has the 
5 form of the overflow edge, and that said at least one light source, optical 
components and screen (14) produce to said area of said surface homogeneous 
illumination which meets said area of said surface in a low angle. 

10. Method for monitoring and analyzing the surface of a froth slurry, in which an 
optical image of said surface is formed continuously and converted repeatedly, opto- 

10 electrically to sets of electrical signals which are read, transferred and processed 
digitally for determination and output of quantities corresponding to color and other 
physical and statistical properties of said froth slurry and surface, characterized in 
that said froth slurry is the froth slurry flowing down from the overflow edge of 
flotation cell, that said image is at the optoelectrical detection limited to a rectangle 

15 and divided to sets of image elements arranged in rows and representing different 
color components, that the detected elements of the eletrical signal sets correspond 
individually to said image elements, and the detected, electrical signal sets to said 
sets of image elements representing different color components and that the area, 
which on said surface corresponds optically to said image limited to a rectangle, is 

20 illuminated in a low angle and parallel to the overflow edge of the flotation cell. 

11. Apparatus for carrying out the method according to Claim 10, comprising, in 
combination, 

- at least one Ught source and optical components for illumination of the surface of 
froth slurry, and a screen for checking the access of outside light, 

25 - a camera for continuous formation of the optical image of said surface and for 
repeated production of electrical signals corresponding to said image, as its output 
quantity, and 

- a digital computer for receiving and processing said signals, and for determining 
quantities corresponding to color and other physical and statistical properties of 

30 froth slurry, with its interfaces for delivering the values of said quantities to central 
supervision and process control devices, 

characterized in that said camera is a color video camera provided with at least one 
optoelectrical semiconductor matrix detector which camera produces said electrical 
signals on the basis of the image of a rectangular area of the surface of the froth 
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slurry flowing down from the overflow edge of flotation cell, a side of said 
rectangular area being parallel to the overflow edge, and that said at least one light 
source, optical components and screen produce to said rectangular area an 
illumination which meets it in a low angle. 



« 
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1 . Method for monitoring and analyzing the surface of floated material, in which 
an optical image of said surface is formed continuously and converted repeatedly, 
optoelectrically to electrical signals which are read, transferred and processed 

5 digitally for determination and output of quantities corresponding to physical and 
statistical properties of said material and surface, characterized in that said image 
is at the optoelectrical conversion limited to a narrow rectangle and divided to a row 
of image elements, that the elements of the detected, eletrical signals correspond 
individually to said image elements and that, corresponding optically to said, to a 
10 narrow rectangle limited image, the area of the same form on said surface is 
homogeneously illuminated and parallel to the overflow edge of a flotation cell, 

2, Apparatus for carrying out the method according to Claim 1, comprising, in 
combination, 

- at least one light source (3) and optical components for illumination of the surface 
15 of floated material, and a screen (5) for checking the access of outside light, 

- a camera (4) for continuous formation of the optical image of said surface and for 
repeated production of electrical signals corresponding to said image, as its output 
quantity and 

- a digital computer for receiving and processing said signals, and for determining 
20 quantities corresponding to physical and statistical properties of froth, with its 

interfaces for delivering the values of said quantities to central supervision and 
process control devices, 

characterized in that said camera (4) is a semiconductor line array camera 
comprising a semiconductor hne array detector which camera produces said 
25 electrical signals on the basis of the image of a narrow strip of the surface of the 
floated material said strip being parallel to the overflow edge (6), and that said at 
least one light source (3), optical components and screen (5) produce homogeneous 
illumination to said strip from a direction which is close to that of said camera. 

3. Method for monitoring and analyzing the surface of flotation froth, in which 
30 an optical image of said surface is formed continuously and converted repeatedly, 
optoelectrically to sets of electrical signals which are read, transferred and processed 
digitally for determination and output of quantities corresponding to the color and 
other physical and statistical properties of said flotation froth and surface, 
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characterized in that said image is at the optoelectrical detection Hmited to a 
narrow rectangle and divided to sets of image elements arranged in rows and 
representing different color components, whereby the number of said rows is at 
most same as the number of said color components, that the detected elements of the 
eletrical signal sets correspond individually to said image elements, and the 
detected, electrical signal sets to said sets of image elements representing different 
color components and that, corresponding optically to said image limited to a 
narrow rectangle, the area of the same form on said surface is homogeneously 
illuminated and parallel to the overflow edge of the flotation cell. 

4. Method for monitoring and analyzing the surface of the froth slurry flowing 
down from the overflow edge of flotation cell, in which an optical image of said 
surface is formed continuously and converted repeatedly, optoelectrically to sets of 
electrical signals which are read, transferred and processed digitally for 
determination and output of quantities corresponding to color and other physical and 
statistical properties of said froth slurry and surface, characterized in that said 
image is at the optoelectrical detection limited to a narrow rectangle and divided to 
sets of image elements arranged in rows and representing different color 
components, whereby the number of said rows is at most same as the number of said 
color components, that the detected elements of the eletrical signal sets correspond 
individually to said image elements, and the detected, electrical signal sets to said 
sets of image elements representing different color components and that, 
corresponding optically to said image limited to a narrow rectangle, the area of the 
same form on said surface is homogeneously illuminated and parallel to the 
overflow edge of the flotation cell. 

5. Apparatus for carrying out the method according to Claim 3 or 4, comprising, 
in combination, 

- at least one light source (7, 10) and optical components for illumination of the 
surface of floated material (1,2), and a screen (9, 12) for checking the access of 
outside light, 

- a camera (8, 11) for continuous formation of the optical image of said surface and 
for repeated production of electrical signals corresponding to said image, as its 
output quantity, and 

- a digital computer for receiving and processing said signals, and for determining 
quantities corresponding to color and other physical and statistical properties of 
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floated material, with its interfaces for delivering the values of said quantities to 
central supervision and process control devices, 

characterized in that said camera (8, 11) is a color video camera provided with 
optoelectrical semiconductor line array detectors which camera produces said 
electrical signals on the basis of the image of a narrow strip of the surface of the 
floated material said strip being parallel to the overflow edge (6), and that said at 
least one light source (7, 10), optical components and screen (9, 12) produce to said 
strip homogeneous illumination which meets said strip in a low angle. 

6. Method for monitoring and analyzing the surface of flotation froth, in which 
an optical image of said surface is formed continuously and converted repeatedly, 
optoelectrically to electrical signals which are read, transferred and processed 
digitally for determination and output of quantities corresponding to physical and 
statistical properties of said flotation froth and surface, characterized in that, from 
said electrical signals, those are separated and processed digitally which are induced 
by a narrow image which is bounded to the form of the overflow edge and divided 
to a chain of image elements, that the elements of the electrical signals being 
processed digitally correspond individually to said image elements and that, 
corresponding optically to said narrow image which is bounded to the form of the 
overflow edge, the area of the same form on said surface is homogeneously 
illuminated and everywhere at an equal distance from the overflow edge of the 
flotation cell. 

7. Apparatus for carrying out the method according to Claim 6, comprising, in 
combination, 

- at least one light source and optical components for illumination of the surface of 
flotation froth, and a screen (14) for checking the access of outside light, 

- a semiconductor matrix video camera for continuous formation of the optical 
image of said surface and for repeated production of electrical signals corresponding 
to said image, as its output quantity and 

- a digital computer for receiving and processing said signals, and for determining 
quantities corresponding to physical and statistical properties of froth, with its 
interfaces for delivering the values of said quantities to central supervision and 
process control devices. 
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characterized in that said digital computer has been programmed to separate and 
process digitally the electrical signals which are induced by a narrow area bounded 
to the form of the overflow edge in the image which is formed by said camera of a 
locally fixed, narrow area of the surface of the flotation froth which area has the 
form of the overflow edge, and that said at least one light source, optical 
components and screen (14) produce homogeneous illumination to said area of said 
surface from a direction which is close to that of said camera. 

8. Method for monitoring and analyzing the surface of flotation froth, in which 
an optical image of said surface is formed continuously and converted repeatedly, 
optoelectrically to electrical signals which are read, transferred and processed 
digitally for determination and output of quantities corresponding to the color and 
other physical and statistical properties of said flotation froth and surface, 
characterized in that, from said electrical signals, those are separated and processed 
digitally which are induced by a narrow image area which is bounded to the form of 
the overflow edge, which image area is at the optoelectrical conversion divided to 
chains of image elements which chains have an equal form and represent different 
color components, whereby the number of said chains is at most same as the number 
of said color components, that the elements of the electrical signals being processed 
digitally correspond individually to said image elements and that, corresponding 
optically to said narrow image which is bounded to the form of the overflow edge, 
the area of the same form on said surface is homogeneously illuminated and 
everywhere at an equal distance from the overflow edge of the flotation cell. 

9. Apparatus for carrying out the method according to Claim 8, comprising, in 
combination, 

- at least one light source and optical components for illumination of the surface of 
flotation froth, and a screen (14) for checking the access of outside hght, 

- a semiconductor matrix color video camera for continuous formation of the optical 
image of said surface and for repeated production of electrical signals corresponding 
to said image, as its output quantity and 

- a digital computer for receiving and processing said signals, and for determining 
quantities corresponding to the color and other physical and statistical properties of 
the flotation froth and surface, with its interfaces for dehvering the values of said 
quantities to central supervision and process control devices. 
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characterized in that said digital computer has been programmed to separate and 
process digitally the electrical signals which are induced by a narrow area bounded 
to the form of the overflow edge in the image which is formed by said camera of a 
locally fixed, narrow area of the surface of the flotation froth which area has the 
5 form of the overflow edge, and that said at least one light source, optical 
components and screen (14) produce to said area of said surface homogeneous 
illumination which meets said area of said surface in a low angle. 
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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/FIOO/00400 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70, 1 7)): 
Description, pages: 

1-15 as originally filed 



Claims, No.: 

1-12 with telefax of 20/06/2001 



Drawings, sheets: 

1/2,2/2 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basts of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. ^ 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
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□ 



the drawings, 



sheets: 



5. S This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

see separate sheet 

6. Additional observations, if necessary: 



\\\, Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

1. The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non 
obvious), or to be industrially applicable have not been examined in respect of: 

□ the entire international application. 
^ claims Nos. 1-6. 



□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international preliminary examination {specif)^: 



S the description, claims or drawings {indicate particular elements below) or said claims Nos. 1-6 are so 
unclear that no meaningful opinion could be formed {specify)'. 
see separate sheet 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. . 

2. A meaningful international preliminary examination cannot be carried out due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations ami explanations supporting such statement 



because: 



1. Statement 



Novelty (N) 



Yes: 



Claims 7-12 
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Claims 



Inventive step (IS) 



Yes: 
No: 



Claims 
Claims 



7-12 



Industrial applicability (lA) Yes; 

No: 



Claims 
Claims 



7-12 



2. Citations and explanations 
see separate sheet 



Vni. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Concerning item I : 

For the following reasons, new independent Claim 1 is considered to include subject- 
matter which goes beyond the content of the application as originally filed: 

a) All the original method claims contained a feature relative to the obtention of a 
narrow image either parallel or bounded to the overflow edge of the flotation cell. This 
feature is not present in new Claim 1 , although there is no support in the description for 
such an amendment (see for example on page 5, lines 22-25, of the description, where 
this feature is called the "central feature of the new method"). 

b) The original method claims further included a step of homogeneously illuminating the 
narrow area to be monitored. This step has been omitted in drafting new Claim 1 , 
although, according to the description, this step appears to be essential for carrying out 
the present invention. 

c) The term "that said image is ... different color components." in the characterizing part 
tries to encompass all the embodiments defined in the original method claims. 
However, this generalization of the invention makes that embodiments that were not 
disclosed originally are now present in Claim 1 . For example, in original method claims 
3 and 4 which contained a step of dividing the image to sets of image elements 
representing different colors components said image elements were arranged in rows. 
The wording of present Claim 1 is very much broader now since it suggests that said 
image elements could take any shape, although this would not be, for the skilled 
person, directly and unambiguously derivable from the original disclosure, especially In 
view of the lack of clarity of the method claims as filed. 

Concerning item III : 

See item VIII. 

Concerning item V : 

A) Claims 7-11 : 

The subject-matter of new independent apparatus C^im 7, as well as that of dependent 
Claims 8 to 1 1 , is considered to be novel and inventive with respect to the available ' 
prior art, since none of the documents of the search report discloses or suggests an 
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apparatus for monitoring the surface of floated material having one light source, optical 
components and a screen (for checking the access of outside light) producing together 
homogeneous illumination of the monitored area. With the apparatus disclosed in 
document entitled "Expert system for supervision ..." no homogeneous illumination can 
be achieved since a single light source is used for illuminating a very large area (see 
Fig. 1 of that document). Document entitled "A sensor for assessing the quality of the 
mineral flotation process" is silent about the illumination of the material. As to document 
GB-A-2084723, it is not relevant either, because a laser is employed for illuminating the 
material. 

B) Claim 12 : 

The apparatus of Claim 12 of the application comprises a screen for checking the 
access of outside light to the monitored surface. This feature is neither revealed in, nor 
suggested by, the available prior art, since there is no need with the known 
apparatuses for monitoring floated material to prevent ambient light from impinging 
onto said material. 

Concerning item Vlll : 

The term "divided to sets of image elements .. representing different color 
components." in the characterizing part of new Claim 1 is totally unclear, contrary to the 
requirements of Art. 6 PCT. First, the object to be achieved by these steps is not 
understood. Secondly, it is not clear: a) whether the "image elements" are fixed parts of 
the image to which are always assigned the same color or whether these image 
elements, i.e. their size and/or shape, vary with the viewed material, i.e. an image 
element would be a group of pixels of the recorded image having at a given time the 
same color; b) what "the sets of elements of the detected, electrical signals" are and 
how they are produced. 

Since method Claims 2 to 6 are dependent upon Claim 1 , these claims are considered 
to lack clarity too. 
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Claims 

1. Method for monitoring and analyzing the surface of floated material, in which 
an optical image of said surface is fonned continuously and converted repeatedly, 

5 optoelecmcally to electrical signals which are read, transferred and processed digitally 
for deienninatioQ and output of quantities corresponding to physical and siatistical 
properues of said material and surface, characterized in that said floated maierial is 
the froth slurry flowing down from the overflow edge of flotation cell, that said image 
is at the optoelectrical conversion limited to a rectangle and divided to sets of image 
10 elements representing different color components, and that sets of elements of the 
detected, electrical signals are produced corresponding to said sets of image elements 
representing different color components. 

2. Method according to claim 1 in which said floated material is the flotation 
15 froth upon a flotation cell, characterized in that said image is at the optoelectrical 

conversion limited to a narrow strip with sides of the same form as the overflow edge is 
divided to a chain of image elements, and that the elements of the detected, electrical 
signals correspond individually to said image elements and that, corresponding 
optically to said, to a narrow strip limited image, a strip of the same form on said 
20 surface is homogeneously illuminated and everywhere at an equal distance from the 
overflow edge of a flotation cell. 

3. Method according to claim 2, characterized in that said image limited to a 
narrow strip is divided to sets of image elements arranged in chains of an equal form 

25 and representing different color components, whereby the number of said chains is at 
most same as the number of said color components* and that sets of elements of the 
electrical signals are produced corresponding to said sets of image elements 
representing different color components. 

30 4. Method according to claim 2 wherein said flotation cell has a straight overflow 
edge, characterized in that said image is limited to a narrow rectangle consisting of a 
row of image elements. 

5- Method according to claim 3 wherein said flotation cell has a straight overflow 
35 edge, characterized in that the sets of image elements are arranged in rows and that 
the number of said rows is at most same as the number of said color components. 
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6. Method according to claim 1, characterized in that said image is limited to a 
naiTOw rectangle and divided to rows of image elements representiiig different color 
•components, whereby the number of said rows is at most same as the number of said 
color components. 

5 

7. Apparams for monitoring and analyzing the surface of floated material, 
comprising: 

ai least one light source (3, 7, 10) and optical components for illamination of the 
10 surface of floated material, and a screen (5,9,12,14) for checking the access of outside 
Ught, 

- a camera (4, 8, 11) for continuous formation of the optical image of said surface and 
for repeated production of electrical signals corresponding to said image, as its output 
quantity and 

15 - a digital computer for receiving and processing said signals, and for detemiining 
quantities corresponding to physical and statistical properties of j5:oth, with its 
interfaces for delivering the values of said quantities to central supervision and process 
control devices, 

20 characterized in that the electrical signals produced by said camera and processed by 
said computer are based on the optical image of a narrow strip of said surface of floated 
material, the sides of said strip being parallel to the overflow edge (6) of the flotation 
cell, and thai said ai least one hght source, optical components and screen produce 
homogeneous illumination to said strip^ 

25 

8. Apparatus as defined in claim 7 , characterized in that said camera is a 
semiconductor line array camera comprising an optoelectrical semiconductor line array 
detector and that said homogeneous illumination is provided from a direction which is 
close to that of said camera. 

30 

9. Apparams as defined in claica 7, characterized in that said camera is a color 
video camera provided with optoelectrical semiconductor line array detectors and that ^ 
said homogeneous Uluniination meets said strip in a low angle, 

35 10. Apparams as defined in claim 7, wherein said floated material is the flotation 
froth upon a flotation cell and said camera is a semiconductor matrix video camera. 
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characterized in thai said digital computer is programmed to separate and process 
digitally the electrical signals which are induced by a narrow image strip with sides of 
the same form as the overflow edge of the flotation ceU, said image strip corresponding 
optically to a locally fixed, nacrow froth strip of the same form on the surface of the 
flotation firoih, and that said homogeneous illtnnination to said froth strip is provided 
from a direction which is close to that of said camera. 



10 



15 



20 



25 



11. Apparatus as defined in claim 7, wherein said floated material is the flotation 
froth upon a flotation cell and said camera is a semiconductor matrix color video 
camera, characterized in that said digital computer is programmed ro separate and 
process digitally the electrical signals which are induced by a narrow image strip with 
sides of the same form as the overflow edge of the flotation cell, said image strip 
corresponding optically to a locally fixed, narrow froth strip of the same form on the 
surface of the flotation froth, and that said homogeneous illumination meets said firoth 
strip in a low angle. 

12. Apparams for monitoring and analyzing the surface of floated material, 
characterized in that the apparams comprises: 

at least one light source and optical components for illumination, in a low angle, of 
the surface of froth slurry flowing down from the overflow edge of a flotation cell, and 
a screen for checking the access of outside light to said illuminated surface, 

- a color video camera provided with at least one optoelectrical semiconductor matrix 
detector for continuous formation of the optical image of said surface and for repeated 
production of electrical signals corresponding to said image, as its output quantity, and 

- a digital computer for receiving and processing said electrical signals, and for 
deteraiining quantities corresponding to color and other physical and statistical 
properties of the froth slurry, with its interfaces for delivering the values of said 
quantities to central supervision and process conixol devices. 
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Menetelma ja laitteisto vaahdottuneen aineen pinnan valvomiseksi ja analysoi- 
miseksi 



Keksinnon yleinen tausta 

5 Halutut arvomineraalit erotetaan vuoriteollisuudessa malmeista usein vaahdottamal- 
la. Tata toteutetaan lapivirtaustyyppisissa vaahdotuskennoissa, joissa voimakkaasti 
haimnemiettyyn malmijaxiheen ja veden lietteeseen johdetaan ilmaa. Kemiallisen 
esikasittelyn ansiosta arvomineraalin rakeet pyrkivat kiiimitymaan selektiivisesti il- 
makuplien pmnoille, noustakseen naiden mukana lietteesta taman piimalla olevaan 
10 vaahtokerrokseen. Samalla tahan kerrokseen nousee muitakin mineraalirakeita ja se- 
karakeita, joiden vaahdottumistaipumus on heikompi, ja myos palautxunista vaah- 
dosta lietteeseen esiintyy. Vaahto valuu jatkuvasti kennon lietereunan yli ranniin 
tuottaen kennon rikasteen. 

TeoUisen vaahdotuspiirin lopullinen rikaste muodostuu yksittaisten vaahdotuskenno- 
15 jen rikasteista, jotka on tavallisesti puhdistettu vaahdottamalla ne uudelleen, usein 
useassakin vaiheessa. Kennon rikasteen arvomineraalipitoisuus on, yhdessa arvomi- 
neraalin saaimin kanssa, tarkein tekija, josta sen rikasteen taloudellinen arvo riip- 
puu. Tasta syysta lopullisen rikasteen ja pitkin valiajoin myos yksittaisten kennojen 
rikasteiden laatua valvotaan ottamalla naytteita ja analysoimalla ne laboratoriossa. 
20 Vaahdottamon lietteita valittomasti mittaavista instrumenteista on tarkein rontgen- 
fluoresenssianalysaattori, joka useimmiten analysoi lietteista erotettujen naytevirto- 
jen sisaltaman kiintoaineen metallipitoisuuksia. Kalleutensa vuoksi tama laite ei 
kuitenkaan sovellu yksittaisen kennon rikasteen analysointiin, vaan se analysoi ken- 
noyhdistelmien tai kokonaisten vaahdotuspiirien yhteisnaytteita. Tarve yksittaisten 
25 vaahdotuskennojen toimintaa tai niiden prosessoimaa materiaalia tuotantolinjassa 
analysoivan instrumentin kehittamiseen on siten suuri. Tasta syysta on vime aikoina 
kiinnitetty huomiota myos vaahdotusvaahtoon kohdistuviin mittauksiin. 

Vaahdon ulkonako kuvastaa herkasti vaahtokerroksen ja koko kennonkin toiminnal- 
lista tilaa, silla kaikki sen sisaltama ja sen kautta kulkeva materiaali saapuu siihen 
30 kennon lietetilan kautta. Sen pinta on nahtavissa ja perinteisesti prosessinvalvoja 
tarkkailee sita paljain silmin havainnoiden kvalitatiivisesti sen yleiskuvaa ja erityisia 
piirteita, perustaakseen sitten manuaaliset ohjaustoimenpiteensa havaintoihinsa ja 
paatelmiinsa. Taten han voi tyypillisesti kuvata vaahtoa esim. suurikuplaiseksi, puu- 
romaiseksi, vetiseksi, kuivaksi, jaykaksi tms., sen varin luonnehtimisen lisaksi. 



PCT/Ff 00/00^00 



Vaahdon kvantitatiivinen, instrumentaalinen evaluointi on tuUut mahdoUiseksi, kirn 
videokameran ja siihen kytketyn, sahkoista kuvasignaalia analysoivan tietokoneen 
yhdistelma on tuUut kaytettavaksi. Eri tutkimusryhmat ovat sittemmin kohdistaneet 
tyonsa vaahdotusvaahdosta otettujen kuvien kasittelyyn, joko maarittaakseen vaahto- 
5 jen rakenteita yksivarikuvista (esim. Moolman D.W. & al. in Int. J. Miner. Process. 
43(1995), 193-208) tai niiden vareja moni-, so. tavallisesti kolmivarikuvista (esim. 
Oestreich J.M. & al. in Minerals Engineering 8(1995), 3 1-39) ja naihin tarkoituksiin 
kaytettyja laitteistoja ohjelmistoineen on sittenmiin pyritty myos kaupallistamaan, 
Tyypillista mainituille tutkimuksille ja laitteistoille on havaita suorakaiteen muotois- 
10 ta, sunrehkoa osaa teoUisuuskennon vaahtopinnasta, jonka vaakasuora pinta-ala on 
tyypillisesti huomattavasti suurempi kuin yksi neliometri, ja kasitella mainitunlaista 
naytepintaa kennon vaahtopintaa edustavana naytteena. 

Mainituissa tutkimuksissa on kaytetty tavanomaista puolijohdematriisi-videokame- 
ralaitteistoa. US-patentti 4 831 641 puolestaan mainitsee virtaavan suspension ana- 

15 lysoinnin mineraalien jalostusteollisuudessa ja tarkenunin kiinteiden partikkelien 
identifioinnin virtaavassa prosessifluidissa, erittelematta puolijohdematriisi- ja puo- 
lijohderivikameraa toisistaan. Vaahdotusvaahtoa se ei mainitse, ja mainitun teoUi- 
suuden suspensioilla tarkoitetaan yleensa kaksivaiheisia kiintoaine/nestesuspensioita 
eika kolmivaiheista vaahdotusvaahtoa. Kohteen valaisua ei mainitussa patentissa 

20 esiteta lainkaan. 

Yksittainen kupla voidaan, kameran ja valonlahteen sijaitessa kennon ylapuolella, 
erottaa esim. sen laen alueelta voimakkaasti takaisinheijastuvan valon nojalla. Tata 
pienta, kirkasta aluetta ymparoi talloin tummempi vyohyke. Valaisusta riippuen 
tummimmat kohdat voivat sijaita kahden kuplan raj alia, mutta kuplia erottavan laak- 

25 son pohja nakyy usein myos kirkkaana, heijastamansa valon vuoksi, tai tummuusas- 
teen askelmaisena muutoksena. Rajaviivoihin voidaan edelleen perustaa vaahdon 
rakenneparametrien, kuten keskimaaraisen kuplakoon seka kuplien muodon, tihey- 
den ja kokojakautuman maaritys. Vaahdon liikenopeus puolestaan maaritetaan pe- 
rakkaisia kuvia toisiinsa vertaamalla. Tavanomaista on myos maarittaa kuvatun 

30 alueen kirkkausjakautuma ja esittaa se histogrammin muodossa. Rakenteen piirteita 
voidaan maarittaa myos muin statistisin menetelmin, eri tunmiuusasteen omaavien 
kuva-aUdoiden esiintymistiheyden nojalla. - Vaahdon edella mainitut, deterministi- 
sesti ja statistisesti maaraytyvat piirteet ovat esimerkkeja kirjallisuudessa esitetyista, 
kuva-analyyttisesti maaritetyista suureista, joita yleensa karakterisoi huomattavan 

35 suuri hajonta. 
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Varivideo- tai varitelevisiokameralla saadaan samanlaisesta kuvakentasta punainen, 
vihrea ja sininen (RGB-)signaali, joka signaalijoukko tai sita vastaava, standardi- 
muotoinen komposiittisignaali voidaan kasitella sellaisenaan tai muuntaa ennen 
kasittelya muuhun koodiasuun. Vaahdon varin ja spektrin maarittaminen karsii suu- 
5 rista eroista vaahdosta peilimaisesti ja diffuusisti kameraan heijastuvan valon in- 
tensiteetissa, minka vuoksi esim. liian korkeat signaalielementit joudutaan poista- 
maan ennen kasittelya. Havaittu vari riippuu vaahdon mineraalikoostumuksesta, 
nmtta kaytannossa taman riippuvuuden maarittaminen tuottaa vaikeuksia, mika 
edella mainittujen intensiteettierojen lisaksi johtuu varillisten metallimineraalien 

10 pienehkoista varieroista ja muista lasnaolevista, yleensa musta/hamiaa/valkoisista 
mineraaleista ja niiden pitoisuuksien vaihtelusta. Seka vaahdon rakenteen etta varin 
maarittaxniseen vaikuttaa mainittujen kamerainstrumenttien nakokentissa havaittavi- 
en suureiden epahomogeenisuus, jota ei aikaisemmin raportoiduissa tutkimuksissa 
ole otettu huomioon tai joka ei ainakaan ole vaikuttanut niiden menetelma- eika lai- 

15 tetekniikkoihin, ja johon jaljempana palataan. 

Mainittuihin, kirjallisuudessa kuvattuihin maarityksiin on kaytetty ennestaan timnet- 
tuja laskenta-algoritmeja tai matemaattisia menetelmia, jotka on ohjelmoitu numee- 
risen laskennan edellyttamaan muotoon kuvatun kayttotarkoituksen mukaisesti tai 
ovat saatavissa kirjasto-ohjelmina (ks, esim. Niemi A.J, & al. in Int. J. Miner. Pro- 
20 cess. 51(1997), 51-65 ja sen useat viitejulkaisut). Maaritystuloksia voidaan hyodyn- 
taa vaahdotuksen ohjauksessa, mutta kim niiden riippuvuus vaahdotuksen sisaanme- 
nosuureista ei yleensa ole tarkasti eika yksikasitteisesti tunnettu, ovat ohjausta ja 
saatoa koskevat maininnat jaaneet kirjallisuudessa luonnoksen asteelle. 

Keksinnon erityinen tausta 

25 Ideaalisesti toimivassa vaahdotuskennossa saapuva ilma jakautuu vaakatasossa ak- 
selisymmetiisesti ja kuplat jakautuvat homogeenisesti viela saavuttaessaan vaahto- 
kerroksen alarajapinnan. Vaahto poistuu tyypillisesti suorakulmaisen suuntaissarmi- 
on muotoisesta kennosta sen yhden rerman yli tai joskus sen kahden vastakkaisen, 
samansuuntaisen reunan yli. Nain oUen kennon takaosassa (vastaavasti joskus sen 

30 keskiosassa) vaahtokerrokseen nousevien kuplien mukanaan tuoma neste ja kiinto- 
aine viipyvat pisimpaan matkallaan ylitereunalle ja pois kennosta. Mamittujen kom- 
ponenttien ja niista erityisesti muiden kuin vaahdottuvan paamineraalin maara tosia 
vahenee matkalla kupUen sarkyessa ja yhtyessa toisiinsa, ja niiden rakeiden joko 
kiinnittyessa viereisiiti tai alempiin kupliin naihin herkommin kiumittyneita rakeita 

35 syrjayttaen, tai valuessa kuplien valitse aina lietetilaan asti. Se osa takaosassa nous- 
seesta materiaalista, joka pysyy vaahdon pintakerroksessa, liikkuu aluksi hitaasti ja 
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sittemmin nopeutuen kohti ylitereimaa, Nopeuttiminen johtuu vaahtokerrokseen 
kaikkialla nousevasta, uudesta materiaalista, joka kiintoaineen selektiivisesta palau- 
tumisesta huolimatta antaa vaahdon vapaata reunaa kohti suuntautuvan, jatkuvan 
impulssin. Taten pintaan tulee jatkuvasti lahempana ylitereiinaa vaahtoon noussutta 
5 materiaalia, jonka viipyminen vaahdossa jaa lyhytaikaiseimnaksi ja puhdistuminen 
sivukomponenteista vahaisemmaksi. - Vaahtokerrokselle on johdettu teoreettisia 
malleja (esim. Moys, M.H. in Frothing in Flotation (Editor J.S. Laskowski), Gordon 
and Breach, UK 1989, 203-228), mutta naista ei ole voitu tehda vaahtopinnan mine- 
raalikonsentraatioita koskevia, kaytannollisia johtopaatoksia. 

10 Kuvatun prosessin seurauksena vaahtopinnan mineraalikoostumus muuttuu siirrytta- 
essa kohti ylitereunaa. Tama muuttuminen ja liikenopeuden jatkuva kasvu satnassa 
suunnassa merkitsevat epahomogeenisuustaipumusta myos vaahdon rakenteessa. 
TeoUisen vaahdotusvaahdon epahomogeenisuus onkin todettu alan kirjallisuudessa 
(Laplante A.R. & al. in Min. Proc. Extr. Met. Rev. 5(1989), 147-168). Sittemmin 

15 Niemi A.J. & al. (Int. J. Miner. Process. 51(1997), 51-65) ovat tutkiessaan apatiitti- 
vaahdotuskeimoja todenneet kennon takaosan vaahdon suhteellisen vaalean varin 
vastaavan suurempaa apatiittipitoisuutta kuin lahempana ylitereimaa esiintyvan 
vaahdon, jonka variin sivukivena esiintyva, punaruskea kiille selvasti vaikuttaa. Vm. 
kokeellisessa tutkimuksessa on kaytetty suurehkon, suorakaiteen muotoisen alan ku- 

20 vaavaa videokameraa, jonka valittamien kuvien osa-alueiden analysointi on tuotta- 
nut mainitun tuloksen. 

Voidaan edelleen paatella, etta jonkin, suhteellisen mittavan pinta-alueen sisaltaman 
uiformaation analysointi yhtenaisena, ottamatta huomioon sen eri osien valilla 
esiintyvia van- ja rakenne-eroja, antaa vain keskimaaraisia tuloksia, joita on kennon 

25 tuottaman rikasteen kannalta pidettava karkertia likimaaraistyksina, ottaen huomioon 
erityisesti sen, etta se osa kuva-alueesta, joka on lahinna ylitereunaa, on muodostu- 
van rikasteen kannalta paljon merkitsevampi kuin kuvatun alueen muut osat tai kes- 
kiarvot. Havaintaan vaikuttaa myos kohteen valaisun epahomogeenisuus, joka on 
sita suurempi mita suxurempi on mitattavan vaahtopinnan ala ja joka vaaristaa vas- 

30 taavasti ihnaisimelle muodostuvaa kuvaa. 

Uusi menetelma ja laitteisto 

Prosessin luonteen ja mainittujen tutkimusten nojalla on selvaa, etta vaahdotusvaah- 
don pintakerroksen nestefaasin ja eri kiintoainefaasien ikajakautumat ja liikenopeu- 
det seka edelleen kiintoaineen mineraalikoostumukset muuttuvat siinyttaessa vaah- 
35 don pinnassa kennon takaosasta (keskiosasta) lietereunaa kohti, ja etta nama muu- 
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tokset vaikuttavat myos pintakerroksen rakenteeseen ja visuaalisesti havaittaviin 
ominaisuuksiin. Materiaalialkion ika tarkoittaa tassa aikaa, joka on kulunut sen siir- 
tymisesta vaahtokerrokseen lietetilasta. 

Toisaalta ei ole fysikaalisia syita olettaa, etta muutoksia esiintyisi mainitulle liike- 
5 suunnalle kohtisuorassa suunnassa, so. siirryttaessa kennon laidalta toiselle saman- 
suuntaisesti ylitereunan kanssa, lukuimottamatta sita vaikutusta, joka kennon sivu- 
seinilla voi olla valittomassa laheisyydessaan vaahdon liikkumiseen ja rakenteeseen. 
Uuden menetelman keskeinen piirre on taman mnkaisesti edustavan kuvainformaa- 
tion hankkiminen vaahtokeiroksesta siten, etta vaahdon pinnan havainnointi ja ha- 
10 vaintotuloksen analysointi kohdistetaan pinnan kapeaan, ylitereunan suuntaiseen 
kaistaan. Tallaisen kaistan, jonka sisalla vaahto on olennaisesti tasalaatuista, pituus 
voi olla sama kuin kennon leveys tai tata pienempi, em. sivuseinavaikutuksen esiin- 
tyessa tai muusta, esim. mittauslaiteteknisesta syysta. 

Silloinkin kun vaahdotusprosessi toimii stationaaritilassa, hetkellinen mittaustulos ja 
15 sen nojalla maaritetty ominaisuus poikkeavat stationaariarvosta prosessikohinan 
vuoksi. Esim. jo yksikin, suuri kupla voi olla lapimitaltaan useita prosentteja mit- 
tauskaistan pituudesta, joten vaahdon rakennetta, kirkkautta, varia ja muita ominai- 
suuksia on maaritettava keskiarvo- ja jakautumasuureina yli kaistan, tavallisesti use- 
an, perakkaisen havainnon ja Hukuvan maarityksen avuUa. Talla tavoin saadut suu- 
20 reet kuvaavat vaahdon ominaisuuksia kussakin valitussa kohdassa paremmin kuin 
laajemmasta, homogeeniseksi oletetusta mutta todellisuudessa epahomogeenisesta 
pinnasta maaritetyt suureet. 

Havaittavan kaistan sijainti riippuu havainnan ja analysoinnin ensisijaisesta tarkoi- 
tuksesta. Vaahdon rakenteen kannalta se sijoittuu parhaiten ylitereunan edelle, paik- 

25 kaan, missa yhjuoksusta johtuvat nopeuserot eivat viela deformoi kuplia. Lahelta 
ylitereunaa ja taman jalkipuolelta saatava data taas kuvaa paremmin kennon lopuUis- 
ta rikastetta erityisesti varin ja siten myos mineraalipitoisuuden puolesta. Toisaalta 
yhtereiman edelle suuimattu havainta ja mittaus voidaan, muiden tulosuureiden kuin 
kennon syoton mineraalipitoisuuden pysyessa muuttumattomina, periaatteessa ka- 

30 libroida osoittamaan myos mineraalipitoisuutta. 

Havaittavan vaahtokaistan homogeeninen valaisu voi vaatia heijastavien pintojen ja 
ulkopuolista valoa eliminoivien varjostimien konstruointia kayttotarkoituksen ja 
kayttopaikan olosuhteiden mukaisesti, mutta muutoin voi mainitimlaisia maarityksia 
suorittava laitejarjestelma koostua paaosaltaan yhdistelmana kaupallisesti saatavissa 
35 olevista laitteista. Naita ovat tarkoituksenmukaisen emissiospektrin ja tehon omaa- 



PCT/Ff 00/00400 



vat, vaihto- ja tasasahkoiset (AC, DC) lamput, optiset suodattimet, mustavalkoisia ja 
varikuvia aseteltavin tai kiintein valiajoin ottavat, tavanomaisella linssioptiikalla va- 
rustetut puolijohderivikamerat (erityistapauksissa matriisikainerat), tietokoneet, la- 
hinna mikrotietokoneet, edellisten valiset tiedonsiirtolaitteet ja laitteet mittaus- ja 
5 analysointitulosten tulostamiseksi. 

Kuvatun menetelman mukaisen havaiiman ja analysoiimin toteuttava laitteisto voi 
oUa esim. US-patentin 4 831 641 mukainen, valosahkoisella rivi-ilmaisimella (engl. 
linear photodiode array detector) varustettu laitejarjestelma. Tavanomaisen, sfaari- 
sen optiikan avuUa muodostetaan talloin halutun vaahtokaistan ja sen lahialueen 

10 pienennetty kuva siten, etta kaista kuvautuu ilmaisimen alueen sisapuolelle, so. vali- 
taan sopivan polttovalin omaava optiikka ja taman etaisyys vaahdosta siten, etta ku- 
vautuminen toteutuu mainitulla tavalla. Ilmaisimen dimensioista maaraytyy samalla 
havaittavan vaahtokaistan leveys ja sen elementtien lukumaarasta havaiiman reso- 
luutio kaistan suunnassa. Ihnaisimen lukutiheys (scanning rate) valitaan taman jal- 

15 keen sopivasti siten, etta vaahdon liikkuessa keskimaaraisella nopeudellaan kukin 
pinnan alkio tulee luetuksi likimaarin yhden kerran. Yhden puolijohde- 
elementtirivin kasittavien ihnaisimien ohella on saatavissa myos useainmasta, rin- 
nakkain sijoitetusta yksirivi-ibnaisimesta koostuvia, integroituja ihnaisimia, joissa 
rinnakkaisten elementtien signaalit lasketaan yhteen ja jotka antavat vain yhden, 

20 sarjamuotoisen lahtosignaalin; aikaisemmin mainitun rivi-ihnaisimen katsotaan 
edella ja seuraavassa kasittavan myos nama ilmaisimet. - Naihin tarkoituksiin on 
saatavissa teollisuustuotteina rivikameroita (line scan cameras), jotka tayttavat riit- 
tavasti optiikalle, havaiiman resoluutioUe ja ihnaisimen lukutiheydelle asetettavat 
vaatimnkset. Yksivarikameroiden ohella on saatavilla RGB- ja muita varikameroita, 

25 joissa optisen kuvasignaalin varit joko erotetaan suodattimilla tai jaetaan kuvasig- 
naali esim. prismalla komponentteihinsa, jotka sitten ohjautuvat eri puolijohderivi- 
ilmaisimiin. Optiseksi signaalialueeksi katsotaan sem^aavassa seka nakyvan etta na- 
kymattoman, sahkomagneettisen sateilyn alue, kuten infrapmia- ja ultraviolettivalo- 
alueet siime asti, miime linssioptiikan ja puolijohdeihnaisimien toimintakyky ulot- 

30 tuu. 

Optista kuvasignaalia vastaava sahkoinen, diskreetti signaali luetaan ilmaisinelemen- 
teilta pulssisarjasarjamuotoisena ja kukin signaalielementti mummetaan digitaalilu- 
vuksi, joka on verrannoUinen signaalielementin amplitudiin ja siten kuvaelementin 
harmaustasoon. Tiedon lukeminen, kasittely ja siirto tietokoneen keskusyksikkoon 
35 prosessointia varten tai tallettaminen muistiin tapahtuvat taten kaytaimollisesti esim. 
silla tavoin kuin edella mainitussa patentissa on kuvattu. Vaihtoehtoisesti mittaustie- 
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to voidaan siirtaa myos jatkuvana analogiasignaalina, joka tietokoneen liitantayksi- 
kossa diskretoidaan ja muunnetaan digitaaliseksi dataksi. 

Datan siirto tietokoneen keskusyksikkoon ja talletus sen muistiin ohjelmoidaan to- 
teuttamaan niita ennestaan tunnettuja menetelmia, joita on kaytetty rivikameran va- 
littaman tiedon analysointiin ja tulkintaan tarkkailtaessa kiinteita, mekaanisesti siir- 
rettavia kappaleita, kuten luokiteltaessa siirtohihnan kuljettamia kivia kaivosteoUi- 
suudessa tai etsittaessa ja todettaessa metallilevyjen pintavikoja valssaxiksen yhtey- 
dessa. Datan kasittely ohjelmoidaan toteuttamaan niita numeerisia menetelmia, jotka 
tunnetaan laajan vaahtopinnan analysoinnista matriisikameran valittaman kuvan 
nojalla, redusoituina kasittelemaan yksidimensioista dataa tai kayttaen niita kaksi- 
dimensioisessa asussaan, siten kuin seuraavassa esitetaan.Taten vaahtokaistan har- 
maushistogrammi saadaan jarjestamalla mittaustulokset harmausasteensa mukaan ja 
kaistan tekstuuria kuvaava funktio esim. Fourierin muunnoksella harmauden vaihte- 
lusta, molemmat useiden mittausten ja analyysien keskiarvofunktioina. Determinis- 
tisesti maaritettavista suureista saadaan vastaavasti kuplien leveydet ja leveyden ja- 
kautuma. 

Kuplien muotojen ja esim. kaksidimensioisten statististen suureiden maarittamista 
varten laaditaan, perakkaiset kaistasignaalit toisiinsa liittamalla, vaahdon kaksidi- 
mensioinen esitys kaistan sijaintikohdalla. Tallainen kuva edustaa stationaaritilassa 
vaahtoa paremmin kuin mikaan paljaan silman tai matriisikameran valittama, het- 
kellinen havainto tai naista johdettu, keskimaarainen kuva. Konstruoitua kaksidi- 
mensioista kuvaa voidaan sitten kasitella niilla menetelmilla, joiden kaytto tuime- 
taan ennestaan matriisikameralla otettujen vaahtokuvien kasittelysta, ja se voidaan 
esittaa monitorilla havaintakaistaa edustavana kuvana vaahdon ominaisuuksien ja 
naiden muutosten visuaaUsta tarkastelua ja toteamista varten. - Jos vaahdon nopeus 
on vaihtelujen alainen, se on kuitenkin talloin maaritettava erikseen ja otettava 
huomioon liitettaessa kaistasignaali edelliseen. Tassa voidaan nojautua esim. siihen 
tosiasiaan, etta useimmissa mineraalivaahdoissa pienehkot, leveydeltaan kuitenkin 
vahintain useita kuvaelementteja vastaavat kuplat ovat ylhaalta katsottuina pyoreita. 
Talloin voidaan maarittaa, ajoittain ja tarpeen mvikaan puolijohderivi-ilmaisimen 
suurempaa pyyhkaisytaajuutta kayttaen, se aikavali, jonka kuluessa kunkin valitun 
kuplan etu- tai takareima ylittaa kuvakentan tai taman reunan. Taman aikavalin ja 
kuplan mitatun leveyden, samalla lapimitan, nojalla lasketaan vaahdon hetkellinen, 
paavirtaussuuntainen nopeus. 

Kuva 1 esittaa tyypillisen, ensisijaisesti vaahtopiiman rakenteen havaintaan tarkoite- 
tun laitteiston. Lietteen 1 ylapuolella olevan vaahtokerroksen 2 pintaa valaistaan va- 



8 



PCT/Fl 00/00400 



laisimella 3 ja havaitaan rivikameralla 4. Varjostin 5 estaa xxlkopuolisen valon paa- 
syn havaittavalle vaahtokaistalle ja kameraan. 

Kuva 2 esittaa tyypillisen, ensisijaisesti vaahdon varin havaintaan tarkoitetun lait- 
teiston. Vaahtokerroksen pintaa valaistaan lahella yliterennaa pitkanomaisilla valai- 
similla 7 ja havaitaan varirivikameralla 8. Varjostin 9 ja valaisimet kannatusraken- 
teineen estavat ulkopuolisen valon paasyn havaittavalle vaahtokaistalle ja kameraan, 
- Valuvaa vaahtolietetta valaistaan ja havaitaan ja ulkopuohsen valon paasy estetaan 
samanlaisilla, olennaisesti vaakasuunnassa kuvaavilla laitteilla 10, 11, 12. Leikkaus- 
kuva B-B on rajoitettu siten, etta kamera 1 1 ei nay siina. 

Kuva 3 on suurennettu yksityiskohtakuva vaahdon valaisemisesta kuvan 2 mukaisil- 
la valaisimilla. 

Kuva 4 esittaa sylinterimaisen vaahdotuskennon vaahtopiiman rakenteen havaintaan 
tarkoitetun laitteiston. Varjostin 14 estaa ulkopuolisen valon paasyn havaittavalle, 
kaarevalle vaahtokaistalle ja kameraan. 

Kuvan 1 mukaisessa toteutuksessa rivikamera havaitsee kapean, ylitereunan 6 suun- 
taisen vaahtokaistan. Ensisijaisesti vaahdon rakennetta maaritettaessa tata valaistaan 
lahelta kameran suuntaa, parhaiten pienikokoisella valaisimella 3. Talloin eri kup- 
lien erottaminen voidaan perustaa niiden lakialueilta tapahtuviin heijastuksiin. Va- 
laisin heijastimineen, mahdoUisine himmentavine pintoineen ja lampxmvalintoineen 
suunnitellaan mahdollisimman tasomaista, havaittavaan vaahtokaistaan tahdattya 
valoa antavaksi ja siten valoa ko. tasossa jakavaksi, etta se tuottaa homogeenisen 
valaisim kaistan koko pituudelle. Kapea nakokentta ja kameran 4 optiikka suojataan 
ulkopuoliselta valolta levymaisella varjostimella 5, jonka sisaseinat maalataan mi- 
nimaalista heijastavuutta silmallapitaen; vahaisempikin varjostus riittaa, jos hairitse- 
van, ulkopuolisen valon maara on vahainen. Kuva 1 esittaa edella kuvattua laitejar- 
jestelya. Kapeutensa vuoksi laitteisto peittaa vain pienen osan vaahdon pinnasta eika 
se siten olennaisesti vahenna prosessinvalvojan mahdoUisuuksia tarkkailla vaahtoa 
visuaalisesti. 

Kuvan 1 valaisu- ja kuvausjarjestelya voidaan kayttaa myos vaahdon varin maarit- 
tamiseen, mutta paremmin tahan tehtavaan soveltuu vaahtopinnan valaisu matalassa 
kulmassa tai matalalla kulma-alueella, jotta valtetaan suuret erot kuplien erisuuntais- 
ten pintojen vastaanottamassa ja heijastamassa valossa ja siten mm. kuplien huipuil- 
ta tapahtuvat, kirkkaat heijastukset. Kuva 2 esittaa taman mukaista laitteistoa, jossa 
valaisimet 7 on sijoitettu havaintasolan juureen, sen uUcopuolelle kuvan 3 selventa- 
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maan tapaan. Ne antavat homogeenisesti jakautunutta valoa paaasiassa heijastimen 
symmetriatason mukaisessa, pitkanomaiseen valaisimeen nahden kohtisuorassa 
suuimassa valittunn, parhaiten vaahdon ylijuoksiin lahella sijaitsevaan vaahtokais- 
taan. Varjostin 9 on kuvan 1 varjostimen kaltainen ja variviivakamera 8 on sijoitettu 
5 samalla tavoin kuin kuvan 1 kamera, joten ne tuottavat samat edut kuin edella mai- 
nittiin. Pystysuunnan sijasta laitteisto voidaan suunnata myos kaltevasti, esim. siten, 
etta se on kohtisuorassa ylitereiman ylittavan materiaalin pintaan nahden, tai vaaka- 
suorasti valaisemaan ja havaitsemaan kennon yUtereunalta valuvan vaahtohetteen 
kapeaa kaistaa (kuvan 2 vaihtoehtoiset komponentit 10, 11, 12 ovat talloin samat 

10 kuin em. komponentit 7, 8, 9). Valaisu- ja havaintalaitteiston sijoittamiseen vaikut- 
taa olennaisesti vaahdon kuplien sarkyminen ylitereiman luona ja sen jalkeen, virta- 
uksen kiihtyessa ja hydrodynaamisten rasitusten kasvaessa nopeasti. Vaahdon eri 
kerroksista peraisin olevien kuplien sarkyessa liete myos sekoittuu, joten havaitta- 
van naytteen edustavuus vaahtolietteen varin ja siten rikasteen pitoisuuden ihnaisi- 

15 jana paranee, erityisesti yhterexman ylityksen jalkeen. Valvonnan kohdistuessa en- 
sisijaisesti variin jaa rakenteen kuvaaminen toisarvoiseksi, minka vuoksi, ja esim. 
haluttaessa samalla pienentaa laitteiston kennon ulkopuolelta vaatiman tilan tarvetta, 
kamera ja varjostin voidaan sutmnata kaltevasti kohteeseen, erityisesti valuvan 
vaahtolietteen pintaan nahden, valaisun suuntauksen pysyessa pintaan nahden ennal- 

20 laan. Tama kameran ja varjostimen suuntausvaihtoehto edella mainitun varjostimen 
12 ja kameran 11 suimtaukseen nahden ilmenee kuvan 3 esittaman, vaihtoehtoisen 
varjostimen 13 juuriosan suuntauksesta. - Ylitereunalta valuvan vaahdotustuotteen 
optisen kuvan muodostamiseksi ja tosiaikaiseksi analysoimiseksi ei tiettavasti ole 
aikaisemmin esitetty mitaan menetebnaa eika laitejarjestelya. 

25 Ensisijaisesti vaahdon rakennetta koskevassa sovellutuksessa kuvattu jarjestelma si- 
jaitsee ylitereuna-alueen edella havaiten deformoitumatonta vaahtopintaa sen raken- 
teen maarittamiseksi valitussa kaistassa. Sen antama tieto edustaa yksikasitteisesti 
mainittua rakennetta, koska kennon tpimiessa tasaisesti kaistan kaikkien suureiden 
keskiarvot ovat muuttumattomat, vaikka hetkelliset arvot vaihtelevatkin satunnaises- 

30 ti. Tata vastoin ennestaan tunnettujen, matriisikameraa (tyypillisesti esim. 512 sen- 
sorielem. x 512 sensorielem.) vaahdon kuvaamiseen kayttavien jarjestebnien antama 
tieto ei ole samalla tavoin edustavaa, silla ne eivat ota huomioon kuvaamansa laajan, 
kaksidimensioisen vaahtopinnan epahomogeenisuutta. Lisaksi kapea kaista on, eri- 
tyisesti vaahdon varia maaritettaessa, helposti valaistavissa homogeenisesti, toisin 

35 kuin laaja pinta. Edelleen rivikamera on matriisikameraa halvempi ja sen tuottaman 
datan kasittelyn tarvitsema ohjehnisto yksinkertaisempi kuin matriisikameran ta- 



PCT/FI 00/00400 

10 

pauksessa. Uusi menetelma ei myoskaan olennaisesti rajoita vaahdon piiman visu- 
aalista tarkkailua. 

Toisessa, vaahdon varia koskevassa sovellutuksessa kuvattu jarjestelma mittaa vari- 
suuretta, joka tulkittuna konsentraatiosuureeksi on suhteessa kiintoaineen mineraa- 
5 lipitoisuuteen. Talloin kaytetaan vaiirivi-ilmaisimia ja -kameraa, joiden kaytolle on 
ominaista, etta saatavat varisignaalit penistuvat kuUoinkin valittuun, kapeaan vaah- 
tokaistaan. Varien maaritys suoritetaan varisignaalikomponenttien amplitudien no- 
jalla. Valaisun homogeenisuuden, vaahto- tai lietepinnan visuaalisen tarkkailtavuu- 
den, laitteiston taloudellisuuden ja ohjelmoinnin helppouden osalta uusi varihavain- 
10 tajarjestelma on eduUisempi kuin vastaava, matriisikameraa kayttava jarjestelma, 
jonka kayttoa vaahtolietteen havaintaan kennon etuseinalla ei, kuten edella on mai- 
nittu, tunneta ennestaan. - Valittua, yksittaista varisignaalikomponenttia voidaan li- 
saksi kayttaa, musta/harmaa/valkea-signaalin tapaan, vaahdon rakenteen maarittami- 
seen. 

15 Myos matriisikameralaitteisto voidaan ohjehnoida lukemaan toistuvasti samaa yksit- 
taista, ylitereunan suuntaista elementtuivia, joUoin saadaan mittaustietoa kapeasta 
vaahtokaistasta periaatteessa samalla tavoin kuin rivikamerajarjestelmaa kaytettaes- 
sa. Tallaista matriisikameran kayttoa vaahdotus vaahdon havaintaan ja analysointiin 
ei kuitenkaan ole raportoitu eika tiettavasti tahan mennessa sovellettu. Sita talla ta- 

20 voin kaytettaessa saavutettaisitn kuitenkin homogeeninen valaisutulos, hyva suojaus 
ulkoisia valonlahteita vastaan ja samalla hyva visuaalinen tarkkailtavuus vaia kayt- 
tamalla samanlaista, uuden keksinnon mukaista valaisua ja varjostusta kuin taman 
seUtyksen ja kuvan 1 yhteydessa on kuvattu. Vaikka matriisikamerankin kaytto nain 
toteutettuna kuuluu keksinnon piiriin, olisi teknisesti epajohdonmukaista kayttaa 

25 mitaan etua saavuttamatta kapean, suoran kaistan havaintaan teknisesti monimutkai- 
sempaa matriisi-ihnaisinta, yksinkertaisemman, helppokayttoisemman ja keksinnon 
piiriin myos kuuluvan rivikamerajarjestelman sijasta. 

KuvatuUa uudella menetehnalla maaritetyt, vaahdon fysikaalisia ominaisuuksia 
vastaavien suureiden arvot ja niista laskennoUisesti johdettujen suureiden arvot tu- 

30 lostetaan nmneroUisesti ja graafisesti monitoreilla ja rivi-, laser- ym. kirjoittimilla 
prosessin valvojalle tiedoksi ja prosessin ohjauksessa kaytettavaksi. Ne voidaan tu- 
lostaa myos digitaali- ja analogiamuotoisina vaahdotusprosessin sisaanmenoja oh- 
jaaviin saatajiin ja toimilaitteisiin prosessin automaattista ohjaamista ja saatamista 
varten. Toimilaite ja prosessin tulosuure, joita talla tavoin tulostetut suiureet ohjaa- 

35 vat, maaraytyvat saadettavan prosessin ominaisuuksista ja valitaan siten, etta mitta- 
ustietoa tai sen muutosta vastaava, korjaava vaikutus saadaan aikaan, ja erityisesti 
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takaisinkytketyn saadon tapaiiksessa mitattu poikkeama asetusarvosta eliminoiduksi. 
Vaahdotuspiiri tai -keiino on jo prosessiteknisistakin syista varustettu tallaisilla, ai- 
nakin manuaalisilla toimilaitteilla ja vastaavia laitteita automaattista saatoa varten 
on saatavissa. Mainittu asetusarvo on puolestaan se mitatun suureen arvo, joka talla 
5 suureella halutaan mittauspaikassa olevan nimelliskayttoolosuhteissa. Se voi oUa 
vakio, mutta sita voidaan myos asetella manuaalisesti tai automaattisesti riippuen 
kayttoolosuhteista, kuten prosessoitavan malmin arvomineraalipitoisuudesta. Uutta 
piirretta vaahdotuskennon automaattisessa saadossa merkitsee uusi, paikallisesti 
kiintean vaahtokaistan havaintaan perustuva saadon mittaussuure, joka kuvaa pro- 
10 sessia yksikasitteisemmin kuin aikaisemmat menetelmat ja laitejarjestelmat ja joka 
tasta syysta tuottaa, prosessin sisaanmenoja ohjaaviin elimiin tulostettuna, niita pa- 
remman saatotuloksen. 

Keksintoa edella kuvattaessa on sen ensisijaisena sovellutuskohteena oUut tavan- 
omainen vaahdotuskenno, jonka yliterexma on suora tai ylitereunat suorat. TeoUi- 
15 suudessa esiintyy myos tasta poikkeavia vaahdotuskennoja ja esim. vaahdon kaapi- 
joilla varustettuja kennoja, mutta uusi menetelma on johdonmukaiset muutokset 
tehden sovellettavissa myos niihin. Esimerkkina tallaisesta, keksinnon toisentyyppi- 
sesta toteutuksesta esitetaan senraavassa sen soveltaminen lieriomaiseen vaahdotus- 
kennoon, jonka ylitereuna on vaakasuora ympyra tai ympyran osa. 

20 Kuvan 4 esittamassa, sylinterimaisessa vaahdotuskennossa havaittava kaista on joh- 
donmukaisesti aikaisemman kanssa kahden, kennon kanssa samankeskisen ympy- 
rankaaren rajoittama vaahtopinnan kaareva alue, joka taten on kennon sateen suun- 
nassa aina ylitereiman suvmtainen ja muotoinen. Sen suurempi sade on normaalisti 
ylitereunan sateen pituinen tai tata lyhyempi. Kaistan valittu, edustavaksi katsottu 

25 pituus maaraa sen osuuden taydesta ympyrasta eli sita vastaavan keskuskuhnan, eika 
aiemmin kuvatun toteutuksen yhteydessa mainittu sivuseinavaikutus ole nyt lasna. 

Erityisesti vaahdon rakennetta maaritettaessa kaistan valaisu ja kuvaus voidaan 
suimnata tapahtuviksi kaistan reunojen kautta kulkevien kartiopintojen valitse, jol- 
loin kaistan pituus maaraa tarvittavan kartiopinnan osan leveyden. Tama osa kape- 

30 nee suoraviivaisesti vastaavan kartion karkeen, joka suoran kartion tapauksessa si- 
jaitsee kennon ylapuolella, keskiakselilla. Usein on kuitenkin eduUisempaa sijoittaa 
karjet keskiakselin ulkopuolelle, kaistan rajoittaman sektorin akselin ylapuolelle, 
sopivalle korkeudelle, joUoin vastaavat pinnat ovat vinojen kartiopintojen osia. Ka- 
mera voi esim. sijaita vertikaalisesti sektorin akselin sen pisteen ylapuolella, joka on 

35 koko kaistapinnan akselinsuuntainen mediaanipiste. Ulompi pinta voi talloin kay- 
tannoUisesti oUa, edella tarkoitetun vinokartiopinnan osan sijasta, kaistan uUcoreu- 
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nan maaraaman, pystysuoran sylinteripinnan osa, ja vain sisempi vinokartiopinnan 
osa. - Mainitut kartio- ja sylinteripinnat 14 niita yhdistavine sivupintoineen estavat 
ulkopuolisen, vaahdon havaintaa hairitsevan valon paasyn kuvattavalle alueelle ja 
kameraan. 

5 Pienikokoinen valonlahde ja kamera sijoitetaan edella mainittujen tai tarkoitettujen 
kartioiden karkien valille tai lahelle tata paikkaa. Kayra vaahtokaista kuvataan ka- 
meraoptisesti esim. puoliympyran kaaren muotoiselle, kapealle, puolijohde-elemen- 
teista koostuvalle sensorille, joUaisia on valmistettu erityistarkoituksiin. Kameran 
etaisyys ja polttovali asetetaan talloin siten, etta halutun kaistan kuva osuu koko pi- 
10 tuudeltaan mainituUe sensorille tai kaistan pituutta vastaavalle sensorin osalle. 
Diskreetti, sahkoinen kuvasignaali luetaan ja tulkitaan taman jalkeen siten kuin line- 
aarisen rividetektorin tapanksessa on aiemmassa paikassa esitetty. 

Jos ylitereuna ei ole suora, voi sopivan kaarevuuden ja elementtilukumaaran omaa- 
van sensorin loytyminen osoittautua vaikeaksi. Tasta syysta ja myos kuvan kohdis- 

15 tamisen yksinkertaistamiseksi voi tavanomaisen puolijohdematriisisensorin ja 
-kameran kaytto osoittautua tallaisessa tapauksessa eduUiseksi, vaikka sen kaytto 
suoran vaahtokaistan havaintaan osoitettiin edella, suorareunaisen vaahdotuskennon 
tapauksessa, teknisesti epajohdonmukaiseksi rivikameran kayttoon nahden. Kaytet- 
taessa nyt matriisikameraa esim. sylinterinmuotoisen kennon vaahtopinnan havain- 

20 taan vastaa kapeaa, ylitereunan suuntaista ja muotoista kaistaa matriisisensorilla sa- 
manmuotoinen joukko sensorielementteja, jotka muodostavat yhtenaisen ketjun. 
Vastaavan, sahkoisen elementtijoukon rajaaminen ja erottaminen saatavasta, digi- 
taalisesta kuvasignaalista ovat kuvankasittelya tuntevan ammattimiehen johdonmu- 
kaisesti suoritettavissa. 

25 Vastaavasti vaahdon varin maarittaminen tapahtuu sylinterikennon tapauksessa so- 
pivimmin kayttaen tavanomaista varimatriisisensoria ja -kameraa samalla tavoin 
kuin yksivarikameran osalta edella esitettiin, huomioonottaen sahkoisten varisignaa- 
lien kayton osalta ne erityispiirteet, jotka esitettiin aiempana koskien variviivakame- 
ran kayttoa suorareunaisen kennon vaahdon varin havaintaan. Myos talloin tarvitta- 

30 va, homogeeninen valaisu matalassa kuhnassa toteutetaan analogisesti suoran vaah- 
tokaistan valaisun kanssa. Koska kuitenkin kartio- tai sylinteripinnan kayraa reunaa 
seuraavan valaisun toteuttaminen voi talloin aiheuttaa vaikeuksia, voidaan se tuottaa 
likimaaraisesti, jakamalla se usealle suoralle valaisimelle pitkin reunaa. Vastaavasti 
kartio- ja sylinteripinnat voidaan jakaa yhta moneen, tasopintaiseen ja suorareunai- 

35 seen segmenttiin, etaannyttaen samalla vastakkaisia pintoja toisistaan siten, etta 
riittava homogeenisuus sailyy eika kohdekaista joudu osittainkaan varjoon. 
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Kaarevan vaahtokaistan kuvan tultua muodostetuksi ja siirretyksi tietokoneeseen 
edellisissa kappaleissa kuvatulla tavalla, siihen voidaan soveltaa niita analyysimene- 
telmia, jotka esitettiin aiempana, suimtaissarmion muotoisen vaahdotuskennon yhte- 
ydessa. Esim. kaksidimensioinen kuva vaahdosta kaistan sijaintikohdalla muodoste- 
5 taan aikaisemmin esitettya vastaavalla tavalla, joUoin samalla voidaan oikaista kukin 
yhteenliitettava kaista suoraksi sen elementtien amplitudilukema-arvoja muuttamat- 
ta. TallQin syntyva kuva muodostuu suorakulmaiseen koordinaatistoon, mika on 
useimpien, numeeristen analyysimenetelmien kayton kannalta edullista. 

Kennon sylinteripintaa pitkin valuvan vaahtolietteen osalta seka valaisu etta kuvaus 
10 totentetaan kuvan 2 mukaisilla yksikoilla, jotka konstruoidaan riittavan kapeiksi ja 
asennetaan vieretysten, samalle korkeudelle ja kukin samalle etaisyydelle sylinteri- 
pinnasta, niin etta riittavan homogeeninen valaisu ja geometrisesti riittavan oikea 
kuva saavutetaan. Puolijohde-varirivisensorien antamat signaalit yhdistetaan sitten 
yksikkojen yhteisessa tietokoneessa, riittavan mittavaa vaahtolietevirtaa edustavan 
15 vari-informaation tuottamiseksi. Hyvissa olosuhteissa, kun valuva vaahtoliete on 
vaakasuunnassa homogeenista yli sylinteripinnan, yksikin valaisu- ja havaintayksik- 
ko voi riittaa antamaan edustavan vari-mformaation. 

Samalla tavoin kuin ylla esitetyssa toteutuksessa, uuden keksinnon katsotaan katta- 
van esitetyn menetelman sovellutukset muihin, rakenteeltaan yksityiskohdissa poik- 

20 keaviin vaahdotuslaitteisiin, joihin sen soveltaminen on edella esitetyn nojalla alan 
tuntevalle ammattilaiselle ibneista. Samoin esitetyt rakenteet ja instrumentit halutun 
valaisun ja havainnan tuottamiseksi on ymmarrettava esimerkeiksi, jotka kattavat 
myos sellaiset laitteet, jotka toisenlaisissa kayttokohteissa ovat ammattimiehelle 
luonnoUisia vaihtoehtoja. - Keksinnon mukaisen laitteiston taloudellisuus ja tekni- 

25 nen yksuikertaisuus tekevat sen kayton, odotettavissa olevan rikasteen laadun para- 
nemisen huomioon ottaen, edulliseksi laajemman vaahdotusjarjestelman ja koko 
vaahdottamon monissa, jopa kaikissa kennoissa. Teknistaloudellisen lisaedun tuot- 
taa talloin kuvatiedon kasittelyn keskittaminen siten, etta usean kameran valittamat 
signaalit kasitellaan yhteisessa tietokoneessa tai yhteisissa tietokoneissa ja maarite- 

30 tyn datan tulostus keskitetaan tarpeen mukaan yhteisiin esityslaitteisiin ja laajempaa 
vaahdotusjarjestelmaa ohjaaviin laitteisiin. 
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Patenttivaatimukset 

1. Menetelma vaahdottuneen aineen pitman valvomiseksi ja analysoimiseksi, 
joUoin mainitusta pinnasta muodostetaan jatkuvasti optinen kuva, joka toistuvasti 
muunnetaan optosahkoisesti sahkoisiksi signaaleiksi, jotka luetaan, siirretaan ja kasi- 

5 tellaan digitaalisesti mamitun aineen ja pinnan fysikaalisia ja statistisia ominaisuuk- 
sia vastaavien suureiden maarittamiseksi ja tulostamiseksi, tunnettu siita, etta mai- 
nittu kuva optosahkoisesti muunnettaessa rajataan kapeaksi suorakaiteeksi ja jaetaan 
riviksi kuvaelementteja, etta ilmaistujen, sahkoisten signaalien elementit vastaavat 
yksittain mainittuja kuvaelementteja ja etta mainittua, kapeaksi suorakaiteeksi rajat- 
10 tua kuvaa optisesti vastaava, samanmuotoinen alue mainituUa pinnalla on homo- 
geenisesti valaistu ja vaahdotuskennon ylitereunan suuntainen, 

2. Laitteisto vaatimuksen 1 mukaisen menetelman toteuttamiseksi, kasittaen yh- 
distelmana 

- vahintain yhden valonlahteen (3) ja optiset komponentit vaahdottuneen aineen 
15 pinnan valaisemiseksi seka varjostimen (5) ulkopuolisen valon paasyn estamiseksi, 

- kameran (4) optisen kuvan jatkuvaksi muodostamiseksi mainitusta pinnasta ja tata 
kuvaa vastaavien, sahkoisten signaalien toistuvaksi tuottamiseksi lahtosuureenaan ja 

- digitaalisen tietokoneen mainittujen signaalien vastaanottamiseksi ja kasittelemi- 
seksi ja vaahdon fysikaalisia ja statistisia ominaisuuksia vastaavien suureiden maa- 

20 rittamiseksi, liitantoineen mainittujen suureiden arvojen tulostamiseksi keskusval- 
vonta- ja prosessitiohjauslaitteisiin. 

tunnettu siita, etta mainittu kamera (4) on puolijohderivi-ilmaisimen kasittava 
puolijohderivikamera, joka tuottaa mainitut sahkoiset signaalit vaahdottuneen aineen 
(1, 2) pinnan kapean, ylitereunan (6) suxmtaisen kaistan kuvan nojalla, ja etta maini- 
25 tut vahintain yksi valonlahde (3), optiset komponentit ja varjostin (5) tuottavat ho- 
mogeenisen valaisun lahelta kameran suuntaa mainituUe kaistalle. 

3. Menetelma vaahdotusvaahdon pinnan valvomiseksi ja analysoimiseksi, jolloin 
mainitusta pumasta muodostetaan jatkuvasti optinen kuva, joka toistuvasti muunne- 
taan optosahkoisesti sahkoisten signaalien joukoiksi,jotka luetaan, siirretaan ja kasi- 

30 tellaan digitalisesti mainitun vaahdotusvaahdon ja pinnan varia ja muita fysikaalisia 
ja statistisia ominaisuuksia vastaavien suureiden maarittamiseksi ja tulostamiseksi, 
tunnettu siita, etta mainittu kuva optosahkoisesti ilmaistaessa rajataan kapeaksi suo- 
rakaiteeksi ja jaetaan eri varikomponentteja edustaviksi joxikoiksi riveittain jarjestet- 
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tyja kuvaelementteja, joUoin mainittujen rivien lukumaara on enintaan sama kuin eri 
varikomponenttien lukumaara, etta ilmaistut sahkoisten signaalijotikkojen elementit 
vastaavat yksittain mainittuja kuvaelementteja ja ilmaistut sahkoiset signaalijoukot 
mainittuja, eri varikomponentteja edustavia joukkoja kuvaelementteja ja etta mainit- 
tua, kapeaksi suorakaiteeksi rajattua kuvaa optisesti vastaava, samanmuotoinen alue 
mainituUa pinnalla on homogeenisesti valaistu ja vaahdotuskennon ylitereunan 
suxmtainen. 

4. Menetebna vaahdotuskennon ylitereunalta valuvan vaattolietteen pinnan val- 
vomiseksi ja analysoimiseksi, jolloin mainitusta pinnasta muodostetaan jatkuvasti 
optinen kuva, joka toistuvasti muunnetaan optosahkoisesti sahkoisten signaalien 
joukoiksi, jotka luetaan, siirretaan ja kasitellaan digitalisesti mainitun vaahtolietteen 
ja pinnan varia ja muita fysikaalisia ja statistisia ominaisuuksia vastaavien suureiden 
maarittamiseksi ja tulostanwseksi, tunnettu siita, etta mainittu kuva optosahkoisesti 
ihnaistaessa rajataan kapeaksi suorakaiteeksi ja jaetaati eri varikomponentteja edus- 
taviksi joukoiksi riveittain jarjestettyja kuvaelementteja, jolloin mainittujen rivien 
lukumaara on enintaan sama kuin eri varikomponenttien lukumaara, etta ihnaistut 
sahkoisten signaalijoukkojen elementit vastaavat yksittain mainittuja kuvaelementte- 
ja ja ilmaistut sahkoiset signaalijoukot mainittuja, eri varikomponentteja edustavia 
joukkoja kuvaelementteja ja etta mainittua, kapeaksi suorakaiteeksi rajattua kuvaa 
optisesti vastaava, samanmuotoinen alue mainituUa pinnalla on homogeenisesti va- 
laistu j a vaahdotuskennon yUtereunan suimtainen. 

5. Laitteisto vaatimuksen 3 tai 4 mukaisen menetehnan toteuttamiseksi, kasittaen 
yhdistelmana 

- vahintain yhden valonlahteen (7) ja optiset komponentit vaahdottuneen aineen (1, 
2) pinnan valaisemiseksi seka varjostimen (9) ulkopuolisen valon paasyn estami- 
seksi, 

- kameran (8) optisen kuvan jatkuvaksi muodostamiseksi mainitusta pinnasta ja tata 
kuvaa vastaavien, sahkoisten signaalien toistuvaksi tuottamiseksi lahtosuureenaan, 

- digitaahsen tietokoneen mainittujen signaalien vastaanottamiseksi ja kasittelemi- 
seksi ja vaahdottuneen aineen varia ja muita fysikaalisia ja statistisia ominaisuuksia 
vastaavien suureiden maarittamiseksi, Uitantoineen mainittujen suureiden arvojen 
tulostamiseksi keskusvalvonta- ja prosessinohjauslaitteisiin, 

tunnettu siita, etta mainittu kamera (8) on optosahkoisilla puolijohderivi-ilmaisi- 
milla varustettu varivideokamera, joka tuottaa mainitut, sahkoiset signaalit vaahdot- 
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tuneen aineen piiinan kapean, ylitereunan suuntaisen kaistan kuvan nojalla ja etta 
mainitut vahintain yksi valonlahde (7), optiset komponentit ja varjostin (9) tuottavat 
mainitulle kaistalle homogeenisen valaisun, joka kohtaa mainitun kaistan matalassa 
kulmassa. 

6. Menetelma vaahdotusvaahdon piiinan valvomiseksi ja analysoimiseksi, joUoin 
mainitusta pinnasta muodostetaaa jatkuvasti optinen kuva, joka toistuvasti muuiine- 
taan optosahkoisesti sahkoisiksi signaaleiksi, jotka luetaan, siirretaan ja kasitellaan 
digitaalisesti mainitun vaahdotusvaahdon ja pitman fysikaalisia ja statistisia ominai- 
suuksia vastaavien suureiden maarittamiseksi ja tulostamiseksi, tunnettu siita, etta 
mainituista sahkoisista signaaleista erotetaan ja kasitellaan digitaalisesti ne, jotka 
johtuvat kapeasta, yUtereunan muotoiseksi rajatusta, kuvaelementtien ketjuksi jae- 
tusta kuvasta, etta digitaalisesti kasiteltavien sahkoisten signaalien elementit vastaa- 
vat yksittain mainittuja kuvaelementteja ja etta mainittua kapeaa, ylitereunan muo- 
toiseksi rajattua kuvaa optisesti vastaava, samanmuotoinen alue mainituUa pinnalla 
on homogeenisesti valaistu ja joka kohdassaan samalla etaisyydella vaahdotusken- 
non ylitereunasta. 

7. Laitteisto vaatimuksen 6 mukaisen menetebnan toteuttamiseksi, kasittaen yh- 
distelmana 

- vahintain yhden valonlahteen (7) ja optiset komponentit vaahdotusvaahdon pinnan 
valaisemiseksi seka varjostimen (9) ulkopuolisen valon paasyn estamiseksi, 

- puolijohdematriisi-videokameran (8) optisen kuvan jatkuvaksi muodostamiseksi 
mainitusta pinnasta ja tata kuvaa vastaavien, sahkoisten signaalien toistuvaksi tuot- 
tamiseksi lahtosuureenaan ja 

- digitaalisen tietokoneen mainittujen signaalien vastaanottamiseksi ja kasittelemi- 
seksi ja vaahdon fysikaalisia ja statistisia ominaisuuksia vastaavien suureiden maa- 
rittamiseksi, liitantoineen mainittujen sum-eiden arvojen tulostamiseksi keskusval- 
vonta- ja prosessinohjauslaitteisiin. 

tunnettu siita, etta mainittu tietokone on ohjelmoitu erottamaan ja kasittelemaan 
digitaalisesti ne sahkoiset signaalit, jotka johtuvat kapeasta, yliterexman muotoiseksi 
rajatusta alueesta kuvassa, jonka mainittu kamera (8) muodostaa paikallisesti kiin- 
teasta, kapeasta, ylitereiman (6) muotoisesta vaahdotusvaahdon pinnan alueesta, ja 
etta mainitut vahintain yksi valonlahde (7), optiset komponentit ja varjostin (9) tuot- 
tavat homogeenisen valaisxm lahelta kameran suuntaa mainitulle pinnan alueelle. 
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8. Menetelma vaahdotusvaahdon pinnan valvomiseksi ja analysoimiseksi, joUoin 
mainitusta piimasta muodostetaan jatkuvasti optinen kuva, joka toistuvasti muunne- 
taan optosahkoisesti sahkoisiksi signaaleiksi, jotka luetaan, siirretaan ja kasitellaan 
digitaalisesti mainitun vaahdotusvaahdon j a pinnan varia ja muita fysikaalisia ja sta- 
tistisia ominaisuuksia vastaavien suureiden maarittamiseksi ja tulostamiseksi, tun- 
nettu siita, etta mainituista sahkoisista signaaleista erotetaan ja kasitellaan digitaali- 
sesti ne, jotka johtuvat kapeasta, ylitereunan muotoiseksi rajatusta kuva-alueesta, jo- 
ka optosahkoisesti muunnettaessa jaetaan samanmuotoisiksi, eri varikomponentteja 
edustaviksi ketjniksi kuvaelementteja, jolloin mainittujen ketjujen lukumaara on 
enintaan sama kuin eri varikomponenttien lukumaara, etta digitaalisesti kasiteltavien 
sahkoisten signaalien elementit vastaavat yksittain mainittuja kuvaelementteja ja etta 
mainittua kapeaa, ylitereunan muotoiseksi rajattua kuva-aluetta optisesti vastaava, 
samanmuotoinen alue mainituUa pinnalla on homogeenisesti valaistu ja joka koh- 
dassaan samalla etaisyydella vaahdotuskennon ylitereimasta. 

9. Laitteisto vaatimuksen 8 mukaisen menetehnan toteuttamiseksi, kasittaen yh- 
distelmana 

- vahintaan yhden valonlahteen (7) ja optiset komponentit vaahdotusvaahdon pinnan 
valaisemiseksi seka varjostimen (9) ulkopuolisen valon paasyn estamiseksi, 

- puolijohdematriisi-varivideokameran (8) optisen kuvan jatkuvaksi muodostami- 
seksi mainitusta pinnasta ja tata kuvaa vastaavien, sahkoisten signaalien toistuvaksi 
tuottamiseksi lahtosuureenaan ja 

- digitaalisen tietokoneen mainittujen signaaUen vastaanottamiseksi ja kasittelemi- 
seksi ja vaahdotusvaahdon j a pinnan varia ja muita fysikaalisia j a statistisia ominai- 
suuksia vastaavien suureiden maarittamiseksi, liitantoineen mainittujen suureiden 
arvojen tulostamiseksi keskusvalvonta- ja prosessinohjauslaitteisiin. 

tunnettu siita, etta mainittu tietokone on ohjelmoitu erottamaan ja kasittelemaan 
digitaalisesti ne sahkoiset signaalit, jotka johtuvat kapeasta, ylitereunan (6) muotoi- 
seksi rajatusta alueesta kuvassa, jonka mainittu kamera (8) muodostaa paikallisesti 
kiinteasta, kapeasta, ylitereunan muotoisesta vaahdotusvaahdon pinnan alueesta, ja 
etta mainitut vahintain yksi valonlahde (7), optiset komponentit ja varjostin (9) 
tuottavat mainituUe pinnan alueelle homogeenisen valaisun, joka kohtaa mainitun 
pinnan alueen matalassa kulmassa. 



18 



PCT/FI 00/00400 



(57) Tiivistelma 

Erotettaessa vaahdottamalla eri mineraaleja malmeista on tunnettua valvoa vaahdo- 
tuskennossa ylimpana olevan vaahtokerroksen piiman laajahkoa osaa videokameral- 
la, jonka signaalit analysoidaan tietokoneessa vaahdon rakenteen ja varin selville- 
saamiseksi. Uusi menetelma ja laitteisto rajoittavat valvonnan ja analysoiimin koh- 
distuviksi vaahdottuneen aineen pintaan kiinteassa, kapeassa, keimon ylitereunan (6) 
suuntaisessa kaistassa, jossa sen kautta kulkeva ainepinta on jatkuvuustilassa homo- 
geeninen ja joka siten esittaa jatkuvuustilaa keskimaarin edustavan, uusiutuvan 
naytteen pinnasta ko. paikassa. Tahan kaistaan suunnataan homogeeninen valaisu, 
joka voi kohdata kaistan eri kulmissa sen mukaan, maaritetaanko ensisijaisesti koh- 
teen varia vai rakennetta. Kaistan kuva muodostetaan ja muunnetaan toistuvasti lu- 
kevalla puolijohderivikameralla (8) sahkoisiksi yksi- tai monivarisignaaleiksi, joista 
aineen rakenne- ja varisuureet maaritetaan tietokoneessa. Valvonta ja analysointi 
ovat kohdistettavissa seka vaahtokerroksen pintaan etta kennon ylitereimalta valuvan 
vaahtolietteen pintaan. 
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